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TWENTY-LHIRD ANNUAL MEETING 
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FEDERATION OF 
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IN CONTUNCTION WITH 
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October 9-12, 1950 


FEDERATION OF SEWAGE WORKS ASSOCIATIONS 


325 BuiLpInG CHAMPAIGN, ILLINOIS 


tet 
i} 
i| 
| 
< 
: 
t 
| 
gh 
* 


‘OVER 


SEWAGE 


AND INDUSTRIAL WASTES 1 


RWHELI 


Sewage Treatment Plant Pav! A. Uhimann & Associates 


Columbus, Ohio 


Tue overwhelming majority of Consulting and Design 
Engineers who planned equipment for Activated Sludge 
Sewage Treatment Plants in the past five years specified 


CHICAGO Swing Diffusers and Precision Diffuser 


ENGINEERS 


Tubes. It's a question of “Diffused Air Economics”. 
Continuous operation of an Aeration Battery is possible 
only with Swing Diffusers. The most economical opera- 


tion is possible with Precision Diffuser Tubes. 


@ Low first cost. 

@ Continuous performance 
without extra tanks. 

@ Economical operation—-less power con- 
sumed—less labor. 


WRITE FOR FULL ENGINEERING DETAILS 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 
2300 WOLFRAM STREET CHICAGO 18, ILLINOIS 


Flush Kleen, Scru Peller, Plunger Stationary Dittusers 
Horizontal and Vertical Mor Clogs Combipetion 
Weoter Seal Pumping Senpiers omminutors 


Senng Diftuse 
Mechanical 


Avretor Clari 


@ Tubes easily and economically cleaned. 
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MODEL DVS 


| SAFE - DEPENDABLE « 


SEWAGE AND INDUSTRIAL WASTES 


MODEL CVS 


G ore available in two volumetric 
models (CVS and DVS) which 
ore identical in the way they control and meter chlorine. 
Differences in capacities and cabinet designs offer o selec- 
tion to suit every “chlorinization’ need. 


Each model employs the same dependable tantalum dia- 
phragm control valve . . . handles chlorine through vital parts 
in the dry, non-corrosive state . . . utilizes the Sightflo indicator 
which shows feed only when there is feed. For engineering 
information and descriptive Bulletins, address Builders 
Providence, Inc. (Division of Builders lron Foundry), 368 Harris 
Ave., Providence 1, R. I. 


BUILDERS PRODUCTS 
The Venturi Meter * Propeloflo and Orifice Meters * Kennison 
Nozzles * Venturi Filter Controllers ond Gauges * Conveyoflo 
Meters * Type M and Flo-Watch Instruments * Wheeler Filter 
Bottoms * Master Controllers Chlorinizers — Chlorine Gas Feeders 
Filter Opercting Tables * Manometers * Chronoflo Telemeters 


BUILDERS “PROVIDENCE 


3 
BOL Bll TOUR RET me 
~ 
— 
BUILDERS 
EARS 


SEWAGE AND ID 


FSWA MEMBER 


Alabama Water and Sewage Asen.* 


Arex Taylor ecretary 

r 

Alabama fF te Institute 
4 


Argentina Society of Engineers, Sanitary En- 
gineering Div 
bom B seciever, FSWA Contact Member 


Ka I 
( 


Arizona Sewage and Water Works Asen.* 


4 reas 
eering D 
ept { Health 
I 
I \ 
Arkansas Water and Sewage Conf.* 
De. Hare Hare, Sec.-Treas 


F ay Ark 
Callfornia Sewage Works Assen. 
De H. Coox, Sec.-Trea 


Canadian Institute on Sewage and Sanitation 
De A. E. Berry ec. Trea 
‘ I Hea 


Central States Sewage 


anada 
Works Assen. 
x 
Dakota Water and Sewage Works Conf 


North Dakota Section* 

Jexome H Trea 

te D Healt! 

arck, N. Dak 
South Dakota Section® 

(HAR Tre 

Enginee 
t f Health 
lab 


Federal Sewage Research Asan 
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HOW TO MEASURE 
TRADE WASTES 
ACCURATELY 


In accordance with anti-pollution laws recently enacted 
by numerous states, most industries now face the task 
of purifying their plant wastes before discharging them 
into adjacent streams and rivers. 

This purification process usually requires special plant 
construction, and invariably the necessity exists of ob- 
taining flow data, whether this be the simple indication 
of flow rate or a more permanent method of recording 
and totalizing the flow through the plant. With purifica- 
tion processes of this kind, measuring equipment usually 
is located at the point of discharge of partially filled pipe 
or in open channels, where low heads or pressures exist 
and where measurement is either difficult or impossible 
when using standard forms of measuring instruments. 


The Simplex type S Parabolic flume, either alone or in 
conjunction with a Simplex type HF water float operated 
meter, is the ready answer to this measuring problem. 
Compact in design, with no pockets or grooves to catch 
sediment or solids, and capable of operating under low 
flow conditions, the unit measures over long ranges, 
from maximum to 59% of maximum capacity. 

Available in standard pipe sizes of 6 inches to 36 inches 
diameter inclusive, the flume can be attached to even 
larger sizes by means of eccentric reducers. 


Write for Bulletin 210, to the 
Simplex Valve & Meter Company, Dept. 7, 
6719 Upland Street, Philadelphia 42, Pa. 
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THE FIREMAN'S FRIEND 


J . , 1 operation today that were installed 
Lu a over 70 vears ago. 


rRIAL WASTES 


FEWER 

WORKING PARTS 
MEAN GREATER 
DEPENDABILITY 


simpheity of construction 
Modernized Hydrants is an 
factor in their Jength of 


Mathews Hydrants 


The 
Mathews 
important 


service. There are 


MATHEWS 


HYDRANTS 


Made by R. D. Wood Company 

Public Ledger Building, Independence Square 
Philadelphia 5, Pa 

Pipe (centritugally cast ir 


and mold and R. D. Wood Gate Valve 


Mathews Modernized Hydrents Set the Pace: All working 
parts contained in replaceable barrel ¢ Stuffing box cast integral 
with nowsle section ¢ Head can be turned 360° « 


head « 


Replaceable 


Noazle sections casily changed ¢ Nozzle levels cuised or 


lowered without exeavating ¢ Protection case of “Sand-Spun” 


iron for extra strength, toughness, clasticity © Operating 
thread y part to be lubricated ¢ A modern barre! makes an 


ld Mathews cad as new 
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EVERY NEED for treatment of domestic 


and industrial wastes finds an efficient 
low-cost answer from this single experienced 
and responsible SOUrCe The Yeomans line of 


sewage treatment equipment is complete—the only line that includes 
every type of equipment for every treatment need 


TRICKLING FILTER The Aero-Filter, a high capacity trickling filter, 


provides rain-drop application of settled sew- 


HIGH CAPACITY age on an unusually small bed. Distinguished 
for high efliciency at low cost *Water- 
AND STANDARD RATE Wheel” type distributor, ideal for small iso- 


lated plants, operates with small! diameter bed. 
Standard rate rotary filters with Yeomans 
“Leveler.”’ 


CLARIFIERS  ‘Spiratlo” Clarifier—upward flow of influent through sludge 


blanket increases removal of settleable and suspended solids. 
SLUDGE COLLECTORS Highly efficient in combination with the Aero-Filter 
Streamline Sludge Collector — drag-line type for single and 
multiple rectangular tanks. . .. Type “CD” Collector, center 
drive, for circular tanks. 


ACTIVATED The “Package” Aerifier activated sludge plant designed for 
remote installations lacking ample supplies of diluting 


SLUDGE water. Provides aeration and final sedimentation in a 


PROCESS single, compact, low-cost unit. Also, conventional type of 
activated sludge plants employing “‘Spiraflo” erator. 


Also digesters and a full line of pumps. 


Yeomans builetins contain performance data, helpful plant layout suggestions, 
selection charts and dimension drawings; and Yeomans engineers are always available 
for consultation. Write for full information. 


Aero - Filter Type “CD” Clarifiers 


Shone* Pneumatic Ejector 
Mechanical Control 


Water-Wheel Distributor “Package Rerifier 
Rotary Distributor Electrical Control 
Reaction Type Spiraflo Aerator “Expelsor” Pneumatic 
ject 
Spirafle Clarifier Digesters 


Plunger Sludge Pumps 


Streamline Sludge Coilector Screenings & Sludge Ejector Sewage and Trash Pumps 


Your request for data will have immediate attention 


YEOMANS BROTHERS COMPANY, 1411 NORTH DAYTON STREET, CHICAGO 22, ILL. 


ERED 


| 
PUMPS FOR BUILDINGS, MUNICIPALITIES, INDUSTRIAL APPLICATIONS — 
and « complete line of Sewage ond Waste Treatment Equipment — 
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It’s true that material and labor costs 
are higher, but they need not undermine 
your sewer budget. A large portion of 
the total installed cost is in labor, and 
here is something you can do about that! 

You can save up to 25 per cent or 
more of labor costs by specifying ARMCO 
Sewer Pipe. This ts how it is done... 

ARMCO Corrugated Metal Pipe is light 
in weight, easy to haul and handle using 
only ropes and plank skids. Long lengths 
mean fewer joints—less assembly— 
faster installation. No special founda- 
tions are required and no time is lost in 
curing. Unskilled labor quickly makes 
tight joints, using simple band en ae 
On extra large sewers sturdy, prefabri- 
cated MULTI-PLATE sections are de- 
livered to the site ready for speedy, 
low-cost installation. 

You will also find other advantages 
in ARMCO Sewer Structures. Install them 
under railways and highways without 
worry of breakage or loading failures. 
There is a size and type for every pur- 
pose. ARMCO PAVED-INVERT Pipe com- 
ats erosion, ASBESTOS-BONDED Pipe 
provides all the durability you will ever 
need. Where headroom is limited ARMCO 
Prpr-ARCH saves time and labor. 

An ARMCO Engineer will be glad to 
demonstrate how you can save time and 
money on your specific problems. Ask 
him about ARMCO Sewer Structures be- 
fore figuring that next job. Armco 
Drainage & Metal Products, Inc., 175 
Curtis Street, Middletown, Ohio. 


ARMCO SEWERAGE PRODUCTS 
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GRIDUCTOR INSTALLATION (Size 36), DAYTONA BEACH, FLORIDA 


Combines Coarse and Fine Screening 
Actions with Cutting and Shearing 


ERE’S a better way to veduce the size 

of solids! GRIDUCTOR does it by 
intermittent cutting and shearing without 
excessively increasing the dissolved or- 
ganic content of the sewage. Easily and 
quickly installed in new or existing sewage 
screen channels. Protects treatment plant 
units from fouling and clogging. Delivers 
more readily settleable solids to primary 
clarifier, and larger quantity of sludge to 
digester increasing gas production. Get all 
the facts about this sturdy, efficient equip- 
ment. Send for Bulletin No. 5100. Write 
today .. or, ask our nearest field engineer 
for complete information. 
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for abrasive ladings (1 © f° Lubricated Plug Valves with 
clear full circular ports* are ideal. Compact size is retained only 
through cylindrical plug design...straight-through flow with same shape 
and cross section as the pipe. Quick quarter turn to open 
or close...no exposed seats. For every reason 


QC. Valves should be your first choice. 


"Also offered with area rectangular ports 


Fea, 
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Senenennaiees © < Ideal for sewage operations. Ask for catalog 4-SI 


American Car and Foundry Company, Valve 


R Division, 1501 Ferry Ave., East, Detroit, Michigan 
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—Selects the Nichols Multiple Hearth 


Sludge Drier-Incinerator 


MA These decisive Nichols features tell the 
WY hy 2 story... 


. Proved performance 
2. Guaranteed lowest operation costs 
3. Proved dependability 


4. Drying, deodorizing and incineration 
in one unit. 


During the past year the following cities 
chose Nichols Incinerators for heat dry- 
ing and incinerating sludge. 
Ann Arbor, Mich. 
Bridgeport, Conn., East Plant 
Akron, Ohio 
Providence, R. I. 
Bridgeport, Conn., West Plant 
and now 
Cincinnati, Ohio 


When writing, ask for Bulletin No. 210F 
Nichols Engineering & Research Corp. 
70 PINE STREET, NEW YORK 5, N. Y. 


40 S. LOS ROBLES AVE., PASADENA 1, CALIF. 
1477 SHERBROOKE ST., W., MONTREAL 25, CANADA 
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NO SLAMMING! 
MINIMUM WEAR! 
REDUCED HEAD LOSS! 


? 


There's no slamming of the disc with 


Valves are noted for reducing maintenance cost. 
Noted, too, for effecting savings of from 65% 
to 80°, in head losses over conventional type 
check valves. Why not write today for engi- 
neering data? 


The Chapman Valve Mfg. Co. 


INDIAN ORCHARD, MASS. 


ASTES 


Chapman Check Valves . . . no troubles with — | 
water hammer. And that means... no pipe line : | 
vibration, no danger of opening up joints. It's | 
truly the valve with cushioned closing. — - = 
No wonder Chapman Tilting Disc Check Uo Gi U 


Cross-section of the Chapman Tilting 
Disc Check Valve illustrating the way 
that the balanced disc is supported on 
the pivot, with arrows showing the 
travel of the disc. A feature of the 
design is that the disc seat lifts away 
from the body seat when opening, and 
drops into contact when closing, with 
no sliding or wearing of the seats. 
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What better 


that REX builds outstanding 
SEWAGE PLANT EQUIPMENT 


A sewage plant installs REX Sew- 
age Treatment Equipment one year, 2 Mechanically Cleaned Bor Screens for chonnels 
orders more the next, still more the x 20’ ond x 13 

next. Fifteen years later this plant is 
still ordering REX equipment. We 
think you'll agree that here is posi- 
tive proof that REX equipment is 
giving more than just average 
service. 

And this is not an isolated exam- 
ple. In plant after plant, REX is 
giving such outstanding service that 
when more equipment is needed, Ori Cotlector for che 
REX is automatically the first choice. Sludge Collectors x 50’ 6° 
At right, is a list of REX installa- 101 Collecting Pipes tor 
tions made at the Nine Springs ond for fine! settling tank 85° 
Sewage Treatment Plant, Madison, telly Cleaned Bar Screens 
Wisconsin, over the last 16 years: 


Rex Conveyor Sludge Collectors at the Rex TOW-BRO Sludge Remover installed at 
Madison plant. the Madison plant. 


For complete information on any item of REX Sewage 
Treatment Equipment, send for your copy of Bulletin 48-41. 


4 REX 


Company CHAIN BELT COMPANY, 1606 w. Bruce St., Milwaukee 4, Wis. 
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SEWAGE AND INDUSTRIAL WASTES 


Dresser Couplings join | 
18” line to aeration tanks | 
at Chicago’s West Side | 
Sewage Treatment Plant. 


Fourteen years of trouble-free service 


in Chicago's West Side Sewage Treat- 
ment Plant prove the dependability of 
Dresser Couplings for air distribution 
lines. These lines are continuing to give 
excellent service. 

Lasting tightness is assured with 
Dressers, because these flexible joints, 
with their resilient rubber gaskets, harm- 
lessly absorb vibration, expansion and 
contraction. Gaskets are specially com- 
pounded for long life. 

Ideal on raw-sewage, sludge, outfall, 
air, water-supply and inside pipe lines. 
Write today for catalog material. 


Dresser Manufacturing Division, 59 Fisher Avenue, Bradford, Pa, (One of the Dresser 
Industries!. In Texas: 1121 Rothwell Street, Houston. In Canada: 629 Adelaide Street, 
W., Toronto. Sales Offices: New York, Philadelphia, Chicago, Houston, San Francisco. 
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SEWAGE AND INDUSTRIAL WASTES 


j MANUFACTURERS OF 
PEKRUL GATES FOR: 


a Flood Control 


Levees 


Irrigation 


Water Works 


Sewage Disposal 


Reservoirs 


Pumping Plants 


* 


Oil Refineries 
Fish Hatcheries 


Rearing Ponds 


Recreation Pools 


Cooling Towers 


PEKRUL GATE DIVISION 
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Where corrosive conditions 


are toughest apply 


Bitumastic Enamels! 


Koppers Bitumastic Enamels keep water 
from reaching underlying metal surfaces; they 


HE integral metal parts of a sewage dis- 
posal plant, as well as the steel pipe lines 


leading into it, are exposed to extremely severe 
corrosive conditions 

The clarifier pictured here is subjected to 
the highly corrosive action of sewage . . . the 
chemical content of industrial waste .. . the 
harmful effect of sewage gases and acids. Yet 
this clarifier, and all others in the same sewage 
plant, are fully protected against corrosion 
and deterioration by Koppers Biturnastic® 
’0-B Enamel. 


KOPPERS COMPANY, INC 


prov ide protection against the corrosive action 
of chemicals; they do not deteriorate with age. 
And, by providing long-lasting protection, 
they eliminate periodic inspections. 

Submit your corrosion problems for recom- 
If desired, our 
Contract Department will handle the job from 
inception to completion, furnishing special 


mendations and quotations. 


equipment, competent supervision and skilled 
workmen for the application work. 


| ENAMELS 


Tar Products Division, Dept. 7431, Pittsburgh 19, Pa. 
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“SEWAGE GAS CONTROL 


EQUIPMENT | 


Safe storage and utilization of sew- 
age gases require every precaution 
against the possibility of fire and 
explosion. Good plant design in- 
corporates the best in protective 
devices. Here’s where a few of such 

“VAREC” Gas Control and Safety 

Devices are used: 

DIGESTER PROTECTION—“VAREC” 
Figure No. 5800C Pressure Relief 
and Vacuum Breaker Valve with 
Flame Arrester 

GAS HOLDER PROTECTION —""VAREC” 
Figure No. 280A Pressure and Vac- 
uum Relief Valve and “VAREC” 
Figure No. 450 Flame Trap Assembly 

BOILER PROTECTION—"VAREC” Fig- 
ure No. 187 Pressure Regulator and 
“VAREC” Figure No. 450 Flame 
Trap Assembly 

SYSTEM PROTECTION —“VAREC” Fig- 
ure No. 440 Pressure Relief and 
Flame Trap Assembly 

PIPING PROTECTION—“VAREC” Pig- 
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is SEWAGE AND INDUSTRIAL WASTES 


Meet the Most Rigid Service | 
Requirements in Sewage 
Disposal Plants 


| 1 Gates are ruggedly built of cast iron : 
. sturdily reinforced with sectional 
ribs and fully bronze mounted. 


2 Stem and stem nut are of heavy 
bronze construction. 


3 Non-rising stem self-contained or i 
rising stem types, with solid bronze 

adjustable wedges, suitable for seating 

or unseating pressures. 


4 Furnished with flanged or flanged 
and spigot ends, or with flat frame for 
bolting directly to concrete wall. 


5 Can be operated manually or equip- 
ped with cylinder or motor unit for 
hydraulic or electrical operation. 


6 Made in sizes 4” to 24” inclusive 
with either circular or square opening. 


7 Quality built throughout for hard 
usage and long life. 


IOWA VALVE coi 


201-299 N. TALMAN AVE., CHICAGO 80, ILLINOIS © A subsidiary of James B. Clow & Sons 
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WESTINGHOUSE solves critical 


waste disposal problem with 


FOXBORO pH Control 


4 Fox- 


jncludin eart 


ntrol pe ne) ntrollers—~ 


co 
stallation- 


atmen ranks 


Beaver. Pa: 


waste te 
« house plan 


*Reg. U. S. Pat. Of. 


REG PAT. OFF. 


Westind 


When the Westinghouse plant in Beaver, Pa., 
was being planned, it was realized that the 
waste from plating tanks would run as high as 
80,000 gellons of acid solution and 25,000 gal- 
lons of cyanide solution per day. Disposal of 
these wastes constituted a critical problem. 

CYRUS WM. RICE & CO. Inc. was retained 
to analyze the problem and design a treatment 
plant. A Foxboro pH Control System was speci- 
fied to maintain optimum pH for cyanide reduc- 
tion as well as proper pH of the effluent. The 
outstanding control which resulted is shown on 
the chart below. 

This Westinghouse installation is only one 
example of the many types of industrial waste 
problems which have been solved with Foxboro 
Control. Whatever your waste disposal prob- 
lem, Foxboro Instruments properly applied can 
be counted on to reduce both initial investment 
and operating costs. Talk it over with your 
nearest Foxboro representative, or write The 
Foxboro Company, 162 Neponset Avenue. 
Foxboro, Mass., U.S. A. 


Typical 24 hour pH record taken at weir to the 
* sewer. Note uniformity of record — indicating 


control of effluent within 1/10 of a pH unit. 
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beam strength — or. for that 
matter - without all of the strength factors 
listed opposite — no pipe laid 100 years 
ago in city streets would be in service 
today. But. in spite of the evolution of 
traffic trom horse-drawn vehicles to heavy 
trucks and buses—and today’s vast 
complexity of subway and underground 
utility services — cast iron gas and water 
mains. laid over a century ago. are 
serving in the streets of more than 30 
cities in the United States and Canada. 
Such service records prove that cast iron 
pipe combines all the strength factors of 
long life with ample margins of safety. No 
pipe that is provably deficient in any of 
these strength factors should ever be laid 
in city streets. Cast Iron Pipe Research 
Association. Thos. F. Wolfe, Engineer. 
122 So. Michigan Ave.. Chicago 3. 


CAST IRON PIPE 


Strength factors of Long Life! 


No pipe that is provably deficient in any of these 
strength factors should ever be laid in city streets 


BEAM 
STRENGTH 


CRUSHING 
STRENGTH 


SHOCK 
STRENGTH 


BURSTING 
STRENGTH 


When cast iron pipe is subjected to beom 
stress corused by sol) settiement or disturbance 
of soll by other willifies. or resting on an ob- 
struction. tests prove that stondéard 6inch cast 
tron pipe in 10-4eot span sustains load of 
15.000 Ibe. 


The ability of cast ron pipe w withstand ex 
ternal loads imposed by heary and us 
usual talfic loads proved by the Ring 
Compression Test. Standard finch tron 
pipe withstands « crushing weight o/ more 
than 14.000 ibe. per foot. 


The toughness of cast tron pipe which enables 
it to withstand impact and traffic shocks. as 
well as the basards in handling, is demon 
strated by the impact Test While under hydro 
static pressure and the heavy blows from a 
50 pound hammer, standard 6-inch cast iron 
pipe does sot crack until the hammer is 
dropped 6 times on the same spot trom pro- 
qreesively increased heighs of 6 inches 


In full bursting tests standard tinch 
cost tron ptpe withstands more thar 2500 lbs 


4 CENTURIES 


20 
4 
3 
: 
| 
per square inch internal hydrostatic pressure. 
which proves ample ability to resist water. 
hammer or unusual working pressures. 
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ON DORR CLARIFIER 
MAINTENANCE COSTS; 


REPAIR COSTS ON DORR TYPE S$ (ROUND) CLARIFIERS 


REPAIR COST 
as % OF 
TOTAL PER UNIT ORIGINAL COST 


years in NUMBER OF COSTS 
Ssenvict UNITS 


100’-200' Dia - 4-15 115 $3,568 $3) 0.27 


Under 100’ Dio. 5 13. 812 1.00 


Under 100’ Dio. 


1 glance at the figures above will tell you exactly what repair costs can be 


expected with Dorr Clarifiers. 


These figures are substantiated facts . . . nol estimates, guesswork or wish- 


ful thinking. We believe they cannot be matched. 


Repair cosls are one of the primary factors upon which Clarifier excellence 
should be judged. Are you gelting the best? 


We'd like to tell you how Dorr 
Clarifiers stack up on perform- 
ance, too. Ask a Dorr engi- 


neer for the facts 


—— — 


Sixteen Dorr Sifeed Clarifiers at Easterly Treatment TUE DORR COMPANY. SNGINGERS 
Plant, Cleveland, Ohio, installed in 1932. NEW YORK © ATLANTA © TORONTO 
CHICAGO * DENVER © LOS ANGELES 
AND TESTING LABORATORIES 
WESTPORT, CONN 
SUGAR PROCESSING 
PETREE DORR DIVISION, STAMFORD, COND. 


il Cow Tectmica! Services ond Equipment 
Trough Associated Compontes ond Rep- 
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Sewage Works 


ESCHERICHIA COLI IN DIGESTED SLUDGE * 


By James E. FunLer anp Warren Litsky 


Introduction 


The disposal of dried sewage sludge 
poses a considerable problem with 
which operators of sewage treatment 
plants are sufficiently familiar so that 
no elaboration of the subject is neces- 
sary. The use of sludge as a fertilizer 
serves two purposes: it provides the 
treatment plants with a way to dispose 
of sludge, and it provides a source of 
organie agricultural fertilizer which 
can partially replace inadequate sup- 
plies of barnyard manure. 

The agricultural value of sewage 
sludge as a fertilizer has been treated 
in a number of publications. The Fed- 
eration’s Manual of Practice No. 2 

1) summarizes the subject and pre- 
sents a number of references. The in- 
vestigation reported herein was con- 
cerned with the sanitary quality of 
dried sludge as indicated by the pres- 
ence or absence of Escherichia coli, a 
procedure similar in principle to the 
sanitary evaluation of water supplies. 
Therefore, it was the purpose of the 
reported investigation to determine 
viability of E. coli in drying sewage 
sludge as an indication of the possible 
presence of feces-borne pathogenic bac- 
teria as a basis for evaluating the 
suitability of the sludge for fertilizer 
use. 

Literature Review 

Literature citations on the micro- 
biology of sewage sludge in general are 
contained in Manual of Practice No. 2 
(1). Few references have been found 


* Contribution No. 714 from the Massachu 
setts Agricultural Experiment Station, Am 
herst, Mass, 


853 


relating to the presence or survival of 
E. coli or other coliform bacteria in 
sewage sludge. The most significant 
was the presentation by Keefer (2) of 
a graph showing the decrease of coli- 
aerogenes bacteria in activated sludge 
stored at 40° to 60° F. 

Some studies have been made of the 
survival of EF. coli and other coliform 
bacteria, including one by Jordan (3), 
in which he found that colon-aerogenes 
bacteria survived for about & weeks. 
Parr (4)(5)(6) studied the survival of 
coliform bacteria in several environ- 
ments, including stored feces. He 
found that EB. coli in stored feces was 
replaced gradually by Aerobacter 
aerogenes and coliform intermediates 
at several storage temperatures. £. 
coli survived longer at 37° C. than at 
ice-box temperature, whereas the coli- 
form intermediates increased substanti- 
ally at the latter temperature. 


Source of Sludge 


The sludge employed in the investi- 
gation was obtained from the municipal 
sewage treatment plant of the town of 
Amherst, Mass., where the laboratory 
is located. It is a primary treatment 
plant, in which the sewage passes 
through bar sereens, a grit chamber, 
a comminutor, and into settling tanks, 
from which the sludge is pumped to 
digestion tanks. After a suitable pe- 
riod of digestion the sludge is placed on 
a sand filter bed for drying. 


Media and Methods 

The media and methods employed in 
the detection and differentiation of 
coliform bacteria were those specified 
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in ‘‘Standard Methods’’ (7 with the 
n of a purification procedure by 
tuchhoft, Kallas, Chinn, and Coulter 
4). The tests included gas production 
broth 


fermentation tubes in- 


from 


in lactose 


oculated from sludge, streaking 


the gas-positive tubes onto eosin 
methylene-blue agar plates, isolation of 
cultures from the plates, purification of 
the isolated and differentia 


f the cultures by means of the 


cultures, 
thon ol 
Voges-Proskauer, 
for which Parr 
‘‘Imvic’’ tests 
tests, coliform 
classified as follows 


indol, methyl-red, 
citrate tests 
the 


basis of these 


and sodium 
comed term 
On the 


bacteria are 


1. aerogenes -} 


Cultures not conforming to these re 
actions are termed coliform intermedi 
ates 

lor the purpose of comparing results 
from different sludge samples a ratio 
as the Escherichia: 
Acrobacter: Intermediate) rati 
devised. The 

the samples was calculated as the most 


M.P.N.), on the 


portions in each of three 


designated 
Was 
total coliform eontent of 
probable number 
basis of five 


dilutions 


Coliform Content of Wet Sludge 


Previous tests on the sludge that had 
been dried for a sand 
filter bed failed to any EF 
so the first problem was to investigate 


some weeks on 


vield cola, 
the wet sludge Samples of the sludge 
were taken from available spigots at 
the top bottom levels of 
the digestion The mean M.P.N 
of coliform bacteria was 7,000,000, the 
from 1.700.000 to 
a value of 1 to A, 


ratios were as follows 


middle, and 
tank 

range being 
17. 000.000 


the E:A:] 


Giving 


A:l Rat 
Top 
Middle 1.4:1:0.6 
Botton 1.0:1:0.8 


The top level represented the fresl 


est Sludge; that at the bottom level had 
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STRIAL WASTES July, 
for the longest time. 
the 
substantial numbers of E. coli in sludge 
thre 

indicated 


bee n digest d 


re sults demonstrated presence of 
levels of the digestion 
that the ratio of 


organism decreased as the sludge 


from all 
tank, and 
that 
digested ; the ratio of the intermediates. 
which from the 
sludge, increased under the same con- 


were absent freshest 


ditions 


E. coli Survival in Drying Sludge 

The pre of E. coli 
coliform bacteria in the 
established, 


other 
digesting 
the 
next step and the main object of the 


and 


sludge having been 
investigation was to study the survival 
of E For this 
purpose it seemed advisable to devise 
the sludge 
could be filtered and dried under con- 
trolled Laboratory filters 
were made from 6-in. glazed sewer tile. 
A 2-ft 
sections of 


col, in drying sludge. 


some whereby 


procedure 
conditions 


length of tile was cut into two 
length, the 
with the bell being plugged with ce- 
ment at the 


equal section 
end to serve as a 
the filtrate. <A 

window 


small 
for 


Vi sse] 


receiving 


piece of coppe r wire sereen 
fastened over 
end of the The 


section was set up vertically with the 


was securely one 


other section first 


bell uppermost, and the screened end 


FIGURE 1.—Diagram of laboratory filter 
for dewatering sludge. 


; 
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days of sladee) Yielding &. coli 

1 7,000,000 1: 106,000 
7 210,000 1: 100,000 

14 280,000 1: 100,000 

21 37,000 1: 10,000 

28 20,000 1:1,000 

35 21,000 1:1,000 

42 17,000 1:1,000 

56 2,000 1:10 

70 1,500 0 

80 790 0 


intermediates utilized citrate. 


of the other section was inverted into 
the bell. A 4-in. layer of sand, ob- 
tained from the sewage treatment 
plant, was placed on the sereen in the 
upper section (Figure 1). 

Several filters were prepared and 
each was sterilized in a large autoclave 
at 15-lb. pressure for l hr. Sludge was 
taken from the bottom level of the di- 
gestion tank and placed on the filters 
in quantities sufficient to give a 6-in. 
layer of drained sludge on top of the 
sand, or about the thickness of drained 
sludge on the filter beds at the treat- 
ment plant. One set of filters was 
stored at 37° C., which is the optimum 
temperature for growth of E. coli; the 
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TABLE I.—Coliform Bacteria in Digested Sludge Drying at 37° C. 


| Highest Dilution | 


! Escherichia: Aerobacter : Intermediate ratio. 


Moisture 

E:A:l Total Plate Count | Content 

| Ratio! per g. of sludge) | of Redes 
1:1:10 21,000,000 63.0 
95,000,000 2.8 
1:1:1 91,000,000 1.7 
40,000,000 | 1.6 
42,000,000 | 1.6 
35,000,000 1.6 
O.1:1:0.1 23,000,000 | 1.6 
30,000,000 | 1.6 
0:1:08 23,000,000 1.6 
0:1:08 10,000,000 1.6 


* FE. coli was not recovered after 56 days; no intermediates were recovered after 42 days; all 


other was stored at room temperature, 
which averaged about 22° C. (about 
73° F.). 

It was necessary to let the sludge 
stand on the filters over night to per- 
mit most of the water to drain off; 
then samples were taken for testing. 
Subsequent samples were taken once a 
week for 8 weeks, and then at 70 and 
80 days. Tests made were the M.P.N. 
of coliform bacteria, Imvie tests on the 
isolated coliform cultures, total plate 
counts, and moisture content of the 
sludge, which was the difference be- 
tween the weights of a portion before 
and after it was dried to constant 
weight at 37° C. 


TABLE II.—-Coliform Bacteria in Digested Sludge Drying at Room Temperature (22° C.) 


Drying Time oliform a? | Highest Dilution 


days of eludge Yielding EB. coli 
7,900,000 1: 100,000 
7 4,900,000 1:100,000 
14 1,300,000 | 1:100 

21 1,300,000 

28 1,400,000 oO 

35 1,300,000 0 

42 1,300,000 1:10 

56 6,800 

70 4,900 0? 


4,900 


' Escherichia: Aerobacter : Intermediate ratio. 


} Moisture 


E:A:l | Total Plate Count Content 
Ratio! | (per g.of sludge) | of Sludge 
| (% 

1:1:2 5,500,000 | 64.0 
0.1:1:2 100,000,000 4.0 
0.01:1:1 105,000,000 | 3.6 
O:1:12 120,000,000 | 3.3 
O:1:12 100,000,000 | 33 
O:1:12 100,000,000 3.3 
0.0025 : 1:0.025 100,000,000 | 3.3 
O:1:5 75,000,000 3.3 
0:1:10 50,000,000 3.3 
0:1:108 50,000,000 3.3 


* No E, coli recovered after 14 days, except few at 42 days; 90 per cent of intermediates 


utilized citrate. 
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SEWAGE AND INDI 
| Repre sentative data for the two stor- 
ave temperatures are given Table 
1 (37°) and Tabi If (room tempera 
ture The results may be summarized 


as follows 

eoliform bacteria 

at both tem 


M.P.N. of 


progressive ly 


1. The 
decreased 


peratures hut more rapidly at 37 


than at room t nperatur 
29 The highest dilution yielding E 
coli decreased gradually at 87° and 
om temperature, the end 


bruptly at re 


al 

points ob davs and 14 davs, re 
spect vel except for one sporadi re 

‘ n low dilutior at 42 days stor 
ave at room temp rature 

In the E:A:f ratio the values fot 

1. aerogenes again are taken as l At 
both storage temperatures this organ 
ism Was rees vered throughout the 
days of storage At 37 E. col held 
its own on the ratio hasis until if dis 


appeared atter 56 cdavs, whereas its 


} 


bers «ae 


num reased rapidly at 


practically disap 
The 


on 


and 
14 

intermediates held up 
until they disappeared one 
eoli did. At room tem 


intermediates 


temperature 


afte! eoliform 


peared aavs 
the ratio 


basis at 37 
week betore kK 
the ratio of 


mained fairly 


perature 
eonstant until 56 days 
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maintained much better than the 


MPN. of coliform bacteria 

5 The changes In moisture 
discussed as the rea- 
colt 


content 


of the sludge are 
the disappearance of E. 


for 
considered varagraphs that 


SOnS 
and in the j 


follow imme diately. 


Factors in Survival of E. coli 


temperatures 


The disappearance of coli from 


at both storage 
the reasons why 
yecause these could have 
p to the interpre- 
ing the sani- 


the sludge 
led to speculation as to 
it happened 
relationshi 
results in evaluat 
of sludge on 
The possibilities 
or 


important 


tation of 
tary quality the basis of 
the test for E 
onsidered, and the arguments for 


colt 


against them, follow 


Temperature 
The experiments showed that E coli 
irvived much longer in sludge stored 
than at room 
t suggest that the organism 
a 37° temperature. To test 
drained sludge was steril- 
zed in an autoclave and then inocu- 
lated with a eulture of E. coli that 
lated from it before sterili- 
sludge was store 
which had maintained the 


at 37° © temperature. 
This does no 
requires 


t} 


This point 


had been 180 


The ‘dat room 


zation 


and then assum d the dominant pe temperature 
stion. This is consistent with results — yjability of the organism for only about 
obtained by Parr 4) in his study of preceding experi- 
coliform bacteria in stor d feces ments, In this experiment, the M.P.N. 
7° storage the total plate = of coliform bacteria and the highest 
sed substantially after one dilution from which E coli was recov 
ned about the sam through ered were both higher at the end of 
1 week, and then deereass ds five weeks than at the beginning of the 
At the end of the storac storage period. The probability is that 
total bacterial nun bers re the disappearanet of E. colt from the 
mparati ely high, whereas rving sludge was not a function of 
MPN. of coltorm bacteria was temperature as such. but that it was 
ligibl At room tempera need by competing microorganisms 
she total counts reman nt sludge that were better adapted 
ne as tl 1-week ints under the environmental 
na then deerease son itions than was E. col This is 
a() s the sut ing number further suggested by the fact that this 
was approx tely 5O per cent of th ryvanis survived longer at its favor 
number. At this temper rature te temperature of 37° C. than at room 
total bacteria counts wer temperature 
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Moisture 


The moisture content of the sludge 
samples at the two storage tempera- 
tures is shown in Tables I and II. 
The values at both temperatures 
dropped for two weeks and then re- 
mained constant for the remainder of 
the storage period. The constant value 
at 37° C. was 1.6 per cent and that at 
room temperature was 3.3 per cent, yet 
E. coli disappeared more quickly at 
the latter temperature. This indicates 
that the moisture content as such was 
not the determining factor in the dis- 
appearance of the organism. Total 
plate counts were ample at both tem- 
peratures throughout the storage pe- 
riod. 


pH 


Determinations of pH were made 
more often than the other tests at the 
beginning of the storage period because 
it was desired to follow the changes 
closely. When the trend had been es- 
tablished, tests were made less often. 
Determinations, as made with a Beeck- 
mann pH meter, are shown in Table 
Ill. Although there was a gradual 
decrease in values at both storage tem- 
peratures, all were well within the 
range of tolerance of E. coli. Thus, 
it appears unlikely that the disappear- 
ance of the organism can be explained 
on this basis. 


TABLE III.—-pH of Drying Sludge Stored 
at 37° C. and at Room Temperature 


Storage Temperature 


Days of 
Storage 
Ss Room Temp 
7.1 7.1 
: 6.8 7.3 
6.6 7A 
7 64 7.1 
9 6.5 7.0 
12 6.3 6.4! 
30 5.5! 5.8 
60 5.3 55 
5.3 55 


No E. coli recovered after this time. 
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Anti-biotic Agents 


The possibility that one or more 
anti-biotic agents, similar in principle 
to penicillin, might have been pro- 
duced in the sludge was investigated. 
Sludge from which E. coli had disap- 
peared was extracted with water and 
the extract was filtered through a 
Chamberland-Pasteur filter. The fil- 
trate was applied to plate cultures of 
E. coli by several accepted techniques. 
No evidence of anti-biotic agents was 
obtained. 


Bacteriophage 


It is known that bacteriophage spe- 
cific for FE. coli is commonly present in 
sewage. To investigate its possible 
presence in the sludge, the filtrate men- 
tioned in the preceding paragraph was 
tested by accepted methods, but no 
evidence of the presence of bacterio- 
phage was obtained. 


Competition with Other Organisms 


Competition with other organisms is 
placed last in the list of items con- 
sidered because it appeared to be the 
most likely explanation for the disap- 
pearance of E. coli from the sludge. 
The digestion of the sludge in the treat- 
ment plant disposes of practically all 
of the organic material that can be di- 
gested readily by microorganisms. This 
means that the organic material remain- 
ing can be utilized best by hardy types 
of microorganisms that are adapted to 
the environment. This does not include 
E. coli, which is an intestinal type ae- 
customed to favorable uniform tem- 
perature and a readily available sup- 
ply of simple nutrient materials. Other 
coliform bacteria fared better than E. 
coli in the sludge, but were less able 
than many of the other bacteria pres- 
ent to survive in the environment. 
This is shown by comparing the M.P.N. 
of coliform bacteria with the total plate 
counts in Tables I and II. Additional 
competition is offered by other micro- 
organisms in the sludge that were not 
detected by the methods employed. 
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An experiment was tried to examine 
the possibility of re-establishing E. colt 
in sludge from which it had disap 
peared by providing available food ma- 
terial Some of the sludge was in 
oculated with Ek colt which had been 
recovered from it at the beginning of 
the storage period, and glucose and 
peptone were added to provide nu 
trients Room temperature was em- 
ployed for storage because it had 
proved to be less favorable than 37° C 
for survival of the organism in drying 
sludge. The organism survived for 21 
days, long enough to suggest that it 
night live on if nutrients were avail 
able and to eliminate the possibility 
that anti-biotic agents or bacteriophage 
had been responsible for its original 
disappearance from the sludge 

Discussion 

If the presence or absence of EB. colt 
is to be emploved dependabls aS an 
indicator of the sanitary quality of 
dried sewage sludge for use as a ferti 
lizer for garden crops, it is important 


to compare its survival with the prob 


able survival of other pathoue nie micro 
organisms that might be found = in 
sewage, and consequently in sludue 
Prominent among these organisms are 
e ba ili of twphoid fever and dvsen 
tery In some parts of the world the 
vibrio of cholera would be a menace, 


but it can be disregarded in the United 


As to the typhoid bacillus (Salmo 
nella typhosa, Bergey), the Manual of 


Practice No, 2 (1) cites experiments 
by the Marvyvlatr d state Board ilth 
which show that this organism survives 
less than 7 days in sludge that is nor 
mally digested This result was eon 
firmed by Kligler (9) and by Heukel 
kian and Schulhoff (10 Escherichia 
1} is an organism whose normal opti 
mum environment is the colon of vari 
ous warm-bk 1 animals, and sy 
ally of man In its normal environment 
the organism has access to an ample 
supply of nutments u hemieal for 
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able. The temperature is also optimum. 


In drying sludge neither of these con- 
ditions is met, so the organism fails 
to survive in competition with other 
organisms that are better adapted to 
the environment. If this is true of 
E. coli, it is probably even more true 
of the typhoid-dysentery bacilli, which, 
being human pathogens, are even more 
dependent than EF. coli on the environ- 
ment afforded in the human colon. 
Thus, it seems logical to state that the 
absence of E. coli from dried sludge 
should indieate that there is nothing to 
fear from the bacilli of typhoid fever 
and dysentery 
There are several other infectious 
diseases that must be considered if sew- 
age sludge is to be used to fertilize 
garden plots Among these are tu- 
berculosis, poliomyelitis, hook-worm 
disease, and amoebic dysentery. It is 
not within the province of this paper 
to discuss these diseases, except to say 
that the absence of E. coli from sludge 
cannot guarantee safety so far as these 
several diseases are concerned, This is 
especially true of poliomyelitis, about 
which little is known concerning its 
survival outside of the human body, or 
the manner in which it is disseminated. 
The healt! proble m presented by these 
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somewhat in the 
Manual of Practice No. 2 (1 
Coneerning the use of sewage sludge 
as a garden fertilizer, Wolman (11) 
stated that it might be so used without 
detriment to human health if it is 
held in a sludge digestion tank for not 
less than 10 days before it is delivered 
to the gardener, and is put on the soil 


fore the erop is planted. The use 


sindge on lawns or pastures presents 


o health problem of consequence. 

The experimental work on which this 
paper is based was taken from a study 
made by the junior author and directed 


by the senior author (12 


Summary 
The survival of Escherichia coli in 
id sewage sludge has been investi- 
vated The organism survived for 
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barely 7 weeks at 37° C., and just over 
2 weeks at room temperature (about 
22° ©.). Experimental evidence indi- 
cated that the organism disappeared 
because of competition from other 
microorganisms better adapted to sur- 
vive in the environment. The results 
of the study indicate that the absence 
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EFFICIENCY STUDIES OF THE PLAINVIEW, 
MINNESOTA, BIO-FILTRATION PLANT 


By W. A. Moore, R. S. anno C. C. Rucnnorr 
Chemist, Publie Health Enain and Sanitary Engineer Director, re spectively, U. 8S. Public 
Health Ser En nmental Health Center, Cincinnati, Ohio 
A short study of the two-stage bio intermediate settling tank and second- 
iltration plant at Plainview, Minn., ary trickling filter, final settling tank, 


by personnel operating from 


Was made 

a U. S. Public Health Service trailer 
laboratory Kor three days the plant 
was studied while receiving domestic 


Then, after a 
SIX-Cay period, tests were conducted for 


sewage from the town. 


three days while the plant received do 
mestic sewage plus wastes from a corn 


canning plant. The cannery handles 
produce from 5,000 acres and has a 
flow volume about three times that of 
the domestic sewage 
General Description 

The plant was built in 1941 to oper 
ate single-stage on normal sewage and 
two-stage during the canning season 
Canning operations, however, had ex 
panded greatly since then, resulting in 
an overloaded plant, which was oper 


d during this entire study according 


chamber. Lime 
was fed at the flocculator and chlorine 
A fixed- 
cover digester and open sand beds pro- 
vided for sludge treatment. Both filters 
are 6 ft. 3 The plant was well 
maintained, lacked 

flow-measuring except 
V-notch the effluent. 
the study, however, 


and chlorine contact 


gas at the eontact chamber. 


in. deep. 
but permanent 
for a 
During 
in- 
stalled and head readings were taken 
30 from 8:00 a.m. t 
Figure 1 


devices, 


weir at 


5 weirs were 


every mid- 


night 


min 


see 


Filter Distribution Tests 


Pan tests for sewage distribution to 


the filters were made during both non- 
canning and canning periods. From 
these tests, distribution data as sug- 


gested by Walton (1 


were computed 


ate and are present in the first four col- 
to the canning season arrangement as  umns of Table I. Comparative data 
shown in Figure 1. The plant consists are also shown for previous studies of 
of rit chamber, comminutor with other plants (2)(3)(4 
emergeney bar screen, flocculator, pri The distributor of filter No. 2 had 
mary settling tank and trickling filter a slight tilt and the pans were placed 
TABLE I. Comparison of Filter Distribution Data 
eost Elizabeth- Centralia, 
M town, Ky M 
te 
Flow rate (gop 230 778 202 “74 1,200 650 4152 
Dosing rate (g.p.n ft 1.00 0.34 0.09 0.42 0.40 0.52 0.50 
Covet! t ren 1.00 100 1.00 0.93 1.00 0.97 
Coetheient listribut 1.82 1.63 1.81 1.45 1.68 1.56 1.96 
Dosing ra 3.80 1.77 2.59 2.42 1.54 1.62 1.68 
Nlea leptt in 12.9 12.4 14.5 10.6 25.3 10.4 15.5 
Standard ce ath 6.56 +12 6.51 3.12 10.5 6.44 6.80 
Coetl ariati 51S 44 204 11.5 33.2 43.9 
si) 
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at 90° to the direction of tilt. Results 
showed that distribution within a 
radius of 9 ft. from the center post was 
erratic and that the outer 2 ft. re- 
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Jatermediate 
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FIGURE 1.—Flow diagrams of Plainview, Minn., sewage treatment plant handling corn 


canning wastes. 
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ceived insufficient sewage. 
tion over the entire area of filter No. 
2 is in doubt, due to the tilt, but visual 
observation indicated greater uniform- 


Distribu- 


Plant 
230 GPM 


GPT 
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ity of flow at the higher rate. The co 
efficients of variation and dosing ratios 
compare favorably with the other fil 


ters pre iously studied 


Plant Operation Data 


Samples collected at intervals 
between 8:00 a.m. and midnight were 
raw sewage, flocculator effluent, pri 
mary effluent, the influents and efflu 
ents of both filters, and the intermedi 
ate and final settling tank effluents 

Figure 1). These samples, composited 
in proportion to the flow, were stored 
in an ice-box and analyzed the follow 
ing day During the corn canning 
season, samples of the cannery wast: 
alone were collected at '4-hr. intervals 
over a 12-hr. period on four different 
davs 

Standard an ilvtical procedures 5 
were employed However, in the de 
termination of Kjeldahl nitrogen 


selenized Hengar granules were used 
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instead of copper sulfate for the de- 
composition of organie nitrogen com- 
pounds present in the sewage 

The flow data and analytical results 
are presented in Tables If and IIT and 
the plant loading and performance data 
are given in Table IV for the two 
periods of non-canning and canning op- 
eration. In these tables the average 
results for the two periods of operation 
are shown in terms of 16-hr. days 
and data for days when the cannery 
was operating irregularly have been 
omitted. The primary settling tank 
was under hydraulic overload during 
the canning period due, presumably, to 
the effluent port being insufficient in 
size to carry the flow without raising 
the water level above the overflow weir. 
Raw sewage flow increased from an 
average of 0.117 m.g.d. in the non- 
canning period to 0.462 m.g.d. in the 
canning period. Recirculation, under 
both periods of operation (see Figure 


1), was as follows: 


TABLE IJ. Average Hydrometric Data 
Based on 16-hr. Days 


Study period Non-Canning Canning 
Date (1046 8/16 to 8/20 8/26 to 8/30 
Flows (m.g.d Raw sewage 0.117 0.462 
Primary influent 0.268 0.656 
Filter No. 1 influent 0.595 1.668 
Secondary effluent 0.287 0.684 
Filter No. 2 influent 0.387 1.039 
Recirculation ratio Secondary underflow 1.29 0.42 
Inter ‘ tank effi 1.22 1.54 
Final set r tank effl 0.35 0.52 
Detention (hr Floeeu 0.72 0.30 
Primary sett g tank 3.45 141 
Inter. settling tank 1.29 0.46 
Final settling tank 1.08 0.74 
Chlorine conta amber 1.83 0.46 
Overtiow rate (g.p.d./sq-ft Primary se ng ta 646 L581 
Inter, se g tank 13) 3,067 
Final sett tank 788 2,380 
Temperature An 21.0 18.3 
Influent 16.0 13.4 
18.5 14.7 
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Sampling Point 


Raw sewage 
Flocculator effi. 


Primary effluent 


Filter No. 1 infil. 


Filter No. 1 effi. 
Inter. tank 


Filter No. 2 infl. 


Filter No. 2 effi. 
Plant effluent 
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TABLE IIl.--Average Analyses (in p.p.m.) 


Non-Canning Period 


Susp. Sol Nitrogen, as N 
B.O.D. pH | 
Total | Vol NO? | NO 
| dahi | 
320 | 7.3) 6.7 183 136 10.5 |23.0 
172 | 7.6 5.1 | 171 |109 |10.5 |23.2 
88 | 7.6) 1.9 2} 61} 9.3 (18.1 
65 | 7.7, 5.0 | 59 | 42) 8.2 |16.6) 2.0 | 0.01 
27 | 7.9) 7.2 35 | 22 | 5.7 111.5) 14/13 
29 | 7.8) 7.3 32 | 21 | 9.7) 1.3/1.3 
24 | 7.9) 7.7 31517) 5.9 10.6) 1.6 | 2.1 
24 (7.8) 6.8 55 | 37 4.1) 84/18 /)48 
21 | 7.8; 76} 30; 1.1) 6.8) 1.5 | 5.5 


Canning Period 


Susp. Sol 


| | | 
Total Vol 


B.O.D.| pH | 
566 

1,272 6.6 
977 | 4.9 
709 | 4.4 
626 4.6 
640) 4.6 
604 48 
568 5.1 
466° 5.1 


' Not determined during canning period due to interference by corn wastes. 


1. Intermediate 


and 


one line to raw sewage. 


9 


3. Final 


settling 


2. Intermediate settling tank effluent 
returned to filter No. 1 influent. 


tank effluent 


turned to filter No. 2 influent. 


Plant loading 
(ib./16 hr.) 


Removal 


Filter loading 
lb. /cu.yd.) 


final settling 
tank underflow returned through 


undetermined, 
amount 
of 


re- the amount 


is known. 


although 


effluent 


TABLE IV. Average Plant Loading and Performance 


Sampling Point 


Raw sewage 
Primary infl.! 
Primary effi. 
Filter No. 1 infil. 
Filter No. 1 effl 
Inter. tank 
Filter No. 2 inti. 
Filter No. 2 effi. 
Final tank effi? 
Plant 


Primary tank 
Filter No. 1 
Inter. tank 
Filter No. 2 
Final tank 
Over-all (plant) 


Filter No. 1 
Filter No. 2 


Non-Canning Period 


Total Sus; 


BOD Sol 
205 119 
256 255 
130 122 
215 195 

115 

7 87 

52 67 

51 118 

35 

13.7 


44.2 52.2 
41.0 
44 24.3 
19 —76.2 
313 59.3 
93.3 &3.6 


0.456 
0.110 


' Primary influent = flocculator effluent. 
? Includes recirculation; excludes underflow. 


or 


8.2 1,097 


950 
343 
355 
239 
212 
147 

65 


th 


underflow 
being recirculated must be given con- 


873 
770 
327 
337 
225 
199 
130 

O4 

61 


The amounts of underflow returned 
from intermediate and final tanks were 
e total 
In reviewing the 
analytical results and operational data, 


Canning Period 


BoD 


4,342 
5,044 
3,831 
6,978 
6,182 
5,087 
3,733 
3,520 
2,661 
1,287 


Total Susp 


Sol 


3.041 
3,736 
1,371 
3,444 
2,300 
1,914 
906 
609 
354 
180 


63. 


33 
16 
32 
41 


863 


Kjel- 
dahl 
N 


48.8 
37.6 
33.5 
25.7 
10.6 
17.7 
17.6 
13.7 
13.0 


2 
2 
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These 


settling 


flows 
tank 
the loadings 
to the 


sideration 
dueed the 
and 


greatly re 
pe 
in 


detention 
increased 


16-hr 


riods 


pounds pet day various 
units 


The 


dicate 


Table III 


to 


analytical data 
the 


about average d 


in 


normal sewage be of 


omestic sewage strength 
During the canning period, the B.O.D 


and suspended solids values | 


increased 
> 
Re 


fflu 


about 5 and 6 times, respectively 


ductions in strength of floceulator « 
ent and the 
mainly to the recirculated flows. 


two filter influents are due 


All 


TABLE Comparison of 


Neo ho, 


Missourt 


low divided to Filters A 
Filter A: Aerofilter dist: 
Aerofilter distr 

r B: Conventional di 
Convent 
Elizabethtown, rs im paar allel il 


norn 


Ke DtLUCKY 


Filte 
Pilte 
Filter 


rs in parallel, high re 


Pilte 
Filte 


Filte 


rs in series, normal 


Centralia Single filter 


Missour No recireu 
Final effluent recircul 
Filter effluent recirculated 


Final tank underflow recir 


Two-st filters 
Filter 


Filter 2 


Domestic 
Filter 1 


Filter 2 


sewage 


ratio ca 


effluent 


n during 


, pe 


Cis 
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units, 
settling tank 


plant except the intermediate 
d filter No 
reductions in B.O.D. and 
pended solids, although the final efflu- 
ent in the canning period had a B.O.D 
of 466 p.p.m. The ammonia and Kjel- 
dahl nitrogen values were much lower 
than were expected, but good reduce 
tions were attained by the plant. Sew- 
age was relatively fresh, as indicated 
The pH 


of the combined wastes decreased after 


an 2. showed 


rood 


by dissolved oxygen values 


being raised with lime initially 


Plant loadings and © efficiencies 


Filter Loadings and Removals 


and B 
riod I 
riod IT 

, period I 
tr., period II 


0.89 
2.22 


recirculation 


0.69 
0.69 


culated 


ownge 


non-settled 


i 
| 
| 
= 
Av. B.O.D. (Ib. /eu. yd 
Plant Operational Deseription Ratio Re 

noved 
0 1.17 0.80? | 68.2 
1.88 | 1.48? | 78.7 
0 0.63 70.6 
1.662 | 74.8 
| Filter | 3.49 1.69 | 48.4 
re Filter 2 3.49 | 1.52 13.6 ; 
circulation : 
a 0.90 | 2.38 | 1.24 52.1 
2 0.90 | 2.38 | 1.23 | 51.7 : 
recirculation 
0.63 483 2.07 42.9 
2 0.63 2.76 O91 33.0 
0 O41 17 
0.65 1.06 0.46 13 
0.70 0.94 O51 54 
0.95 O74 039 58 
Plainview, domestic ; 
Minnesota $08 0.456 0.263 | 57.8 
2.31 0.110 0.002 1.9 
261 148 | 167 113 
— |043 | 55 

Raw sewage flow 
Settled filter used in computing B.O.D. removed; other results on EZ 
effluent 
RecirculatioN 4 of 24 days of the rut 


STUDIES OF 


B.O.D 
Date a Unit Flow 
(1946 gal.) 
Aug. 26 18.25 38.7 1157 
Aug. 27 5.50 33.7 1382 
Aug. 29 18.00 30.5 2548 
Aug. 30 17.50 35.3 1523 


Av. 34. 1653 
' Per case of 24 No, 2 cans. 


(Table IV) indicate little or no redue- 
tions in B.O.D. and suspended solids 
by the intermediate settling tank and 
the second filter, but excellent to good 
reductions were attained by the pri- 
mary settling tank, first filter, and final 
settling tank. During the canning pe- 
riod, however, the filters were consider- 
ably overloaded and the settling tanks 
had quite high overflow rates, resulting 
in reduced efficiency. 

Over-all plant efficiencies were 93.3 
per cent for B.O.D. and 83.6 per cent 
for suspended solids removal during 
the non-canning period, and 70.4 per 
cent and 94.1 per cent, respectively, 
during the canning period. Ammonia 
and Kjeldahl nitrogen loads were re- 
duced by 90 per cent and 70 per cent, 
respectively, in the non-canning pe- 
riod, and Kjeldahl nitrogen was _ re- 
duced by 73 per cent in the canning 
period. These removals are good when 
the heavy load caused by the cannery 
is considered. Cannery wastes inter- 
fered with the running of dissolved 
oxygen and ammonia, nitrite, and ni- 
trate nitrogen determinations. 

Comparison of filter loadings and re- 
movals as observed in the studies of 
high-rate trickling filters at Neosho, 
Mo. (2), Elizabethtown, Ky. (3), 
Centralia, Mo. (4), and in the present 
study is shown in Table V. The effi- 
ciencies of filters, on the basis of these 
limited studies, appear to be impaired 
by excessive loadings, such as obtained 
in the canning period at Plainview. 
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TABLE VI. Arnount and Strength of Corn Canning Waste 


Sup. Solids Kjeldahl! 

pu Nitrogen 
Ib.)! ppm Ib | pm. 
0.373 960 0.310 43 53.3 
0.389 920 0.259 43 53.1 
0.650 1070 0.273 5.3 54.2 
0.437 1050 0.301 4.5 55.5 
0.473 1000 0.286 4.6 | 54.0 


Corn Canning Wastes 


Flow measurements and chemical 
analyses of the corn canning wastes 
are reported in Table VI, on the basis 
of average results for 4 days, during 
which measurements were made and 
proportionate samples collected at ‘4. 
hr. intervals from 8:00 a.m. to 8:00 
P.M. Results are shown per case of 24 
No. 2 cans of corn. The pack during 
the 4 days was 65 per cent whole-kernel 
corn and 35 per cent cream-style corn. 
Results indicate a flow of 34 gal. con 
taining 0.473 lb. of B.O.D. and 0.286 
lb. of suspended solids per case of corn 
packed. The B.O.D. and suspended 
solids loads contributed per 100 cases 
had an equivalent population of 284 
and 143, respectively. These values 
compare favorably with the average 
flow and analyses from various can- 
neries as reported in the Industrial 
Waste Guide to the Canning Industry 
(6), which indicates a flow of 25 gal. 
per case and equivalent populations of 
250 for B.O.D. load and 130 for sus- 
pended solids load (whole-kernel corn) 
per 100 cases. 

It is not possible, from the present 
study, to indicate the proper treatment 
for this waste. The few results ob- 
tained appear to indicate the need for 
some type of pretreatment before the 
wastes are discharged to the city sewer. 


Summary 
During the month of August, 1946, 
the performance of the bio-filtration 
plant at Plainview, Minn., was studied 
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by the U. 8S. Publie Health Service. quality of 21 p.p.m. B.O.D. and 30 


Although the plant operated as a two p.p.m. suspended solids, were obtained . 
stage bio-filtration plant throughout, during the ‘‘normal’’ operating pe- . 
studies were made first of its ability riod. In the corn canning period, 
to handle the normal domestic sewage plant efficiencies of 70.4 and 94.1 per 
of the town, and then of the efficiency cent removal of B.O.D. and suspended 
with which it handled domestic sewage — solids, respectively, permitted a final ; 
plus corn cannery wastes. These stud- effluent quality of 466 p.p.m. B.O.D. 
ies were made in pe riods of 3 days and 65 p.p.m suspended solids. Brief 
each, 6 days apart. Plant efficiencies sampling of cannery waste indicated a 
of 93.3 and 83.6 per cent removal of flow of about 34 gal per case of eorn 
B.O.D. and suspended solids, respec packed, with 0.473 Ib. of B.O.D. and 
tively, resulting in a final effluent 0.286 Ib. of suspended solids. s 
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The Sanitary Research Laboratory 
(1) of the Civil Engineering Depart- 
ment, University of Florida, was estab- 
lished principally to determine how 
conventional sewage treatment methods 
perform under Florida conditions of 
high average temperatures. The pro- 
gram includes experimentation, as far 
as possible, with materials native to 
Florida in order that the cost of sew- 
age treatment to Florida communities 
might be lower. 


Purpose of Experiment 


The purpose of this part of the gen- 
eral sewage treatment studies is to de- 
termine the performance of trickling 
filters using native Florida materials. 
The principal purpose of the conven- 
tional trickling filter is to reduce the 
biochemical oxygen demand (B.O.D.) 
of the applied wastes to a point where 
the effluent, after settling, will not un- 
duly deplete the oxygen of the receiv- 
ing stream or, after chlorination, cre- 
ate a public health problem, It is de- 
sirable, then, to determine the degree 
of purification afforded by the trickling 
filters, so that once stream requirements 
are determined, a filter affording only 
the requisite B.O.D. removals can be 
selected. Design criteria are well es- 
tablished for this type of filter for 
northern climates, but, due to increased 
rates of treatment at higher tempera- 
tures, use of these criteria tends to 
make designs rather conservative. To 
summarize, it is the purpose of this 
experiment first to develop new (or to 


*A contribution from the University of 
Florida Engineering and Industrial Experi- 
ment Station, Gainesville, Fla. 
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modify existing) design eriteria for 
trickling filters to be operated in 
southern climates, and to find a cheap, 
readily available filter medium. A 
third objective is the collection of in- 
formation of a fundamental nature, 
which may be added to the general 
store of information of sewage treat- 
ment technology. 


Test Information 

The laboratory receives domestic 
sewage from a veteran’s housing proj- 
ect at the University of Florida and a 
small portion of institutional sewage 
from the University. This waste is 
screened through a bar sereen (%4-in. 
clear opening), and is pumped to a 
measuring and distribution tank, where 
constant flow to primary tanks is main- 
tained. After 2-hr. detention time, in 
either an Imhoff tank or a primary 
settling tank, the waste is pumped to 
a constant-head tank for distribution 
to the filters. The settled sewage was 
applied continuously when hydraulic 
loading rates were 7 and 5 m.g.a.d. 
and intermittently, through the use of 
a dosing siphon, for the 2.2-m.g.a.d. 
rate. Units 21 and 22 are equipped 
with reaction driven rotary distribu- 
tors. Units 17 and 18 had tipping 
trough devices (used in an attempt to 
find a suitable loading device requiring 
little head to operate) for the 7- and 
5-m.g.a.d. rates, and stationary sprink- 
ler nozzles for the 2.2-m.g.a.d. rate. 
Effluents from these filters receive final 
settling. 

Filter Units 21 and 22 are cireular 
in plan, 10 ft. in diameter, and have 
an area of 0.0018 acre; Units 17 and 18 
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are 12 ft. square, having an area of 
0.0033 aer The sidewalls of each 
filter are made of 2- by 6-in. creosoted 
pine, 10 ft. long, placed with a 1-u 
opening between boards. The bottom 
is made of reinforced concrete sloped 
to drain, and is covered with standard 
type ceramic filter bottom. Materials 
used as filter media are as follows 
Unit 17, 114- to 2\-in. Birmingham 
blast furnace slag, 7 ft. deep; Unit 18, 
waste pine wood, half of the filter con 
tains edgings laid criss-cross method 
and half contains ends (about 2 x 4 
6-in. pieces) placed at random, § ft 
deep; Unit 21, 1- to 2-in. Brooksville 
Fla.) limestone, 8 ft. deep; and Unit 
22 1. to 2-in. Chattahoochee River 
Fla.) gravel, 6 ft. deep 

Of the materials being used as filter 
media, the slag (Unit 17), is considered 
to be the standard or ‘‘check’’ media 
The other materials are some that 
would not ordinarily be used for filter 
nedia, but should these tests prove 
them satisfactory they could be used 
at a reduction in cost Rapid deteriora 
tion of the wood media Unit 18 
would be expected The Brooksvill 
limeston Unit 21) is a dense lim 
stone having a rough angular surface 


and may be obtained i 


in any desired 
Size Limestone is not resistant to 
weathering and is thought to be some 
what soluble in the applied sewage 
The Chattahoochee River gravel (Unit 
”)) is a smooth river gravel, round to 


ellipsoidal in shape, and of dense strue 


ture Chis material would not nor 
mally be selected as a filter media be 
eause of its small size and its smoot! 


Unit limestone WAS place: 


eration earlv in Julv, 1947, a 
sampling commenced on July 11, 1947 
Operation was intermittent until Sep 
tember 21, 1947, due to plant alte 
tions, but since that date operation has 
been continuous Unit 22 (gravel 


was placed in operation Ss ptember A | 
1947, ar d has contin ied to the prese nt 


Inits 17 (slag) and 18 (wood) wer 


placed in operation in January, 1948, 
and sampling eommenced September 
23, 1948. Operation was suspended 
March 11 and May 6, 1949, respectively, 
due to difficulty with the tipping 
trough loading devices. Loading rates 
employed were 7.0 m.g.a.d. on Units 21 
and 22 until September 1, 1948, 5.0 
m.g.a.d. on all units from that date to 
June 6, 1949, and 2.2 m.g.a.d. on all 
units from August 8. 1949, to March 6, 
1950 

All filter beds described have sam- 
pling pipes placed horizontally at in 
tervals of 1 ft. from top to bottom of 
the bed. The sampling pipes are 1 in 
in diameter with a %-in. slot eut 
longitudinally. The slot is covered 
with a °4-in. wire gauze. During the 
test, samples were taken of the applied 
sewage at 2-ft. intervals in the bed, 
and of the settled effluent. Sample 
pipes are so arranged that flow is free 
ind continuous from them so that rep- 
resentative samples can be obtained 
with a minimum of flushing. 

Samples were taken at about 5-day 
intervals during the period of the test. 
On sampling days, small samples were 
taken throughout the day, immediately 
composited, and kept at near freezing 
temperatures B.O.D. determinations 
were set up the following day. Sus- 
pended solids and nitrogen determina 
tions were run on composites of 3 such 
samples. Chloroform was used as a pre- 
servative. After August, 1949, samples 
were taken during the morning hours, 
and analvsis for B.O.D. and nitrogen 
were made on each sample during the 
afternoon of the sampling. All 
analyses were performed according to 
‘Standard Methods’’ (2). The Rideal 
Stewart modification was used in dis- 
solved oxygen determinations until De 

ember 8, 1948, when the sodium-azide 


ication was adopted 


Summary of Data 


The operational data are summarized 
n Table I. Averages were computed 
from 26 to 48 samples taken through- 
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Applied Loading 


ib 

B.O.D 
acre 
day 

7.205 

2.2 1,686 


to 


te 


1,686 


5 7,205 


bo 
to 


1,686 


7 8,921 
4 
1 
5 6,705 
2.2 | 1,602 


7 8,163 
5 6,705 
2.2 1,602 


Sampled at depths of 1, 3, 5, and 7 ft. 
*8-ft. depth and settled effluent samples from block and slat filters mixed. 


Temp. (° F.) Sampling Point 
Determination 
Sew- 2-ft 4-ft 
Air | Influent Herth | Depth | Depth 
(a) Unir 17 (1}- To Siac) 
80 68 | B.O.D. (p.p.m.) 173 | 72! 26! 18! 
B.O.D. red. (°) 55! 85! 
Nitrification 3.0' | 38.5' | 62.8! 
82 78 | B.O.D. (p.p.m.) 92 | 68! 48! 36! 
| B.O.D. red. (%) 26! 47' 62! 


| Nitrification 1.8' 10.8! | 


(b) Unrr 18 (Woop Brock) 


80 68 | B.O.D. (p.p.m.) 173 83 54 
B.O.D., red. (°%,) 17 67 

| Nitrification (©) 2.5 3.9 
82 78 | B.O.D. (p.p.m.) 92 60 
| B.O.D. red. (%) 37 41 


Nitrification 


(c) Unrr 18 (Woop Siar) 


80 | 68 | B.O.D. (p.p.m.) | 173 | 80 | 37 

| B.O.D. red. (%) 53 78 
Nitrification (©) 1.0 98 

82 78 | B.O.D. (p.p.m.) ;} 92 43 30 

B.O.D. red. (%) 54 66 


| Nitrification (%) 


(d) Unrr 21 (1- To 2-1n. Limestone) 


R-ft 
Depth 


TABLE I. — Operational Data for Trickling Filter Test Units (Averages of 26 to 48 Samples) 


S69 


Settled 
Effluent 


| B.O.D. (p.p.m.) 153 | 67 37 
B.O.D. red. (©) 55 73 
| Nitrification 1.0 12.4 
80 69 | B.O.D. (p.p.m.) 161 | 63 | 50 
B.O.D. red. (%) 61 60 
| Nitrification 94 13.7 
SI 74 | B.O.D. (p.p.m.) 88 | 24 16 
B.O.D. red. 73 80 
Nitrification (°%) 31.4 55.7 


B.O.D. (p.p.m.) 140 50 20 
B.O.D. red. 64 79 
Nitrification 2.0 12.6 
80 69 | B.O.D. (p.p.m.) 161 | 66 33 
B.O.D. red. (%) 75 77 
Nitrification (°%) 3.3 16.1 
81 74 | B.O.D. (p.p.m.) 88 | 37 20 
B.O.D. red. 58 78 
Nitrification (%) 16.2 | 42.3 


(d) Unrr 22 (1- ro 2-1n. River GRAVEL 


49.3 


45.7 


86 
49.6 


93 


| 
32" | 17 
44.8' | 52.3 
29' | 18 
68' 80 
: 
ayy. 
5 7,205 53 48° 30? 
68 71? 82? 
7.7 | 13.6 12.9% 
20 | 39 | 7.6 | 20.2*| 22.2 
bik 
— 
82 | 71 | 82 
4 18.4 | 12.9 
| 69 | 74 
5.8 | 19.0 | 26.0 | 20.2*| 22.27 
| 
2 | 23 | 18 
28 35 21 i 
82 | 7 
48.3 509 
10 11 6 
88 87 = 
: 68.4 | 75.8 | 78.5 a 
27 23 
20.8 27.9 
41 25 
73 83 
27.9 28.1 ik. 
17 | 12 
; 50.0 
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% B00 REDUCTION 


out the test period Average B.O.D 
values were computed by 


reductions of 


reduction 
cent 
The per eent of 


averaging the per 
individual samples 
nitrification was computed by dividing 
the nitrate nitrogen plus 75 per cent 
of the nitrite 


depth by the total nitrogen reco 


nitrogen (3) at any 


at that depth 


Discussion of Results 


Biochem al Oxygen Demand 


It 1s pointed out that, in this test 
a filter 
fied effluent 1s 


produ ing a nitrl 


dealt 


capable of 
being with, and 
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UNIT 17 SLAG 
REDUCTION- DEPTH 
DEPTH 


that the difficulties in interpretation of 
filter efficiencies Im B.O.D. removal are 


those discussed by Sawyer 


not unlike 
and Bradney (4). 

Data from Table I show that all the 
filters produce a well stabilized effluent, 
low in B.O.D. and one m which nitrifi 
eation has begun The loading rates, 
both in pounds of B.O D. per acre and 
the hydraulic rate, are consistent with 
or higher than those commonly used in 
trickling filters, but are 
eo-eelled high-rate load- 


standard-rate 
lower than th 
ings 

The per cent 


the various depths 1s 


reduction in B.O.D. at 
for all 


shown 
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UNIT 18 SLAT 
% BOD REDUCTION - DEPTH 
. x 22meao 
23 
w & 
a « | } 
> z | | | 
a? / 
/ ------- 22Mead 
4 
° 2 4 
DEPTH (ew 
FIGURE 3. 
; filters in Figures 1, 2, 3,4, and 5. It where Lp is the remaining B.O.D. frae- 
is seen that each of the curves ap- tion, 1 is the total removable B.O.D. 
| proaches, in shape, that of a geometric fraction, D is the depth, and K is the 
| decrement curve. This tends to sub- reaction rate constant. Velz proposes 
4 stantiate the basie law of Velz (5) the use of A = 0.175 (D in feet) and 
; that ‘‘the rate of extraction of organie LL = 0.90 for standard-rate filters, and 
matter per interval of depth of A = 0.1505 and L = 0.784 for high- 
logical bed is proportional to the re- rate filters, including final settling 
maining concentration of organie mat- tanks. The values of K and L (Table 
ter measured in terms of its remov- II) were computed from data of this 
ability.’’ Expressed mathematically test, using a least squares method. 
this relation is Values of the reaction rate constant, 
K, are somewhat higher than Velz’s 
Lo _ 1Q-KD values and are probably influenced in 
L part by higher average temperatures. 
TMOAD 
== 
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FIGURE 5S. 
The values of L are within the range The effect of nitrification Is to cause 


reported by Velz, except where wood deviation from this exponential rela- 
is the medium employed. Data from tion in the B.O.D. curves (Figures 1, 
this experiment serve to substantiate 2, 3, 4, and 5), resulting in some dis- 
his observation that the value of L is erepaney between those curves and 
inversely affected by loading rate. Re curves reproduced by using the equa- 
sults to date in this test are not of a tion and the values of K and L pre- 
character that will allow any definite sented here 

conclusion to be drawn concerning the Analvsis of the data and curves 
relationship between rates of loading shows that the type of filter medium 


and values of k, which appear to ce en ploved in biological beds has an 
pend more on size and shape of the effect on the degree of stabilization of 
medium t} e applied waste The low efficiency 
These values of K and L represent of the wood block filter is probably 
the values of the best fit of these data aused by the eonsiderably larger me | 
to the exponential equation of Velz lium size The test indicates that 
TABLE II. Summary of Rates and Limits 
Sing 0,352 O6IS LS 
2.2 0.150 0.763 0.030 0.9149 29 
Wood blo ’ 0.108 0.761 0.245 0.144 5.0 
99 0.197 0.555 0.333 0.126 +4 
Wood slat 5 0.235 0.843 0.300 0.190 3.4 
2.2 0.314 0.722 0.132 0.358 1.6 
Lime 7 0.225 0.810 0.193 0.504 3.7 
0.288 0.853 O.515 0.507 34 
2.2 0.302 0.912 0.121 0.886 0.9 
Gravel 7 0.318 O.814 0.206 0.437 29 
0.243 0.847 0.367 0.206 20 
29 0.225 0.895 0.332 0.516 1.5 
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with the possible exception of the wood 
slat filter, only slightly lower filter 
efficiencies may be obtained using a 
4-ft. medium depth as compared to the 
conventional 6-ft. depths. 


Nitrification 


Figures 1, 2, 3, 4, and 5 show the 
per cent nitrogen oxidized, plotted 
using averages found in Table I. The 
curves show that after a _ definite 
“‘lag’’ depth, during which there is 
little nitrification, the per cent nitri- 
fication-depth curve fits the general 
pattern of the geometric decrement 
curve. It follows that, below a given 
depth, the rate of oxidation of nitro- 
gen per interval of depth in a filter bed 
is proportional to the concentration of 
remaining oxidizable nitrogen. This 
relation is expressed by 


Np = 10-**(D — a) 

N 
where N, is the oxidizable nitrogen 
remaining at depth D, N is the total 
oxidizable nitrogen, K, is the reaction 
rate constant, and a is the depth lag 
factor. The value of a may be de- 
termined by projecting the monomole 
cular curve to the abscissa as in Fig 
ures 1, 2, 3, 4, and 5. Application of 
the method of least squares in computa- 
tion of values of K, and N result in 
the data shown in Table IT. 

Although nitrification is not  pri- 
marily sought in secondary sewage 
treatment processes, a study of the 
nitrification ability of each filter me- 
dium indicates the real difference in 
the various media. It is seen that 


TRICKLING FILTER STUDIES 87: 


there is a tendency for the angular 
slag and limestone to allow more ni- 
trification and higher rates of nitrifi- 
cation. In addition, comparisons of 
the nitrification values show that ni- 
trification is more rapid and more 
complete and that the limit of nitrifi- 
cation is increased with lower loading 
rates. It should be noted that, in the 
majority of cases, the beginning of ae- 
tive nitrification oceurs at 3- to 4-ft. 
depth, a fact which may further sub- 
stantiate the conclusion that 4 ft. of 
filter depth may be sufficient. 

Filter Media 

The filter media used in this test 
have been under observation since the 
test started. Tests were made for 
soundness of aggregates, samples of 
influent and effluent from the lime- 
stone bed (Unit 21) were analyzed for 
calcium, and elevations were checked 
on plates set in the upper parts of the 
beds to determine the settlement in 
each bed. Tests on the soundness of 
the limestone and gravel were run ac- 
cording to A.S.T.M. C-88—-411. In ad- 
dition, visual checks were made to de- 
termine any deterioration of the 
media. 

The results of the soundness tests 
are shown in Table III. The loss in 
weight of the gravel is due primarily 
to several sandstones included in the 
sample. These sandstones were com- 
pletely disintegrated; deterioration of 
the flint rock in the sample was mani- 
fest in cracks in two or three pieces. 
Soundness of the limestone was run on 
a sample to which sewage had been ap- 


TABLE III.- Results of Soundness Tests 


Test No 
5 Cyele 


Test Conditions 


(Loss in Wt 


Gravel 


Limestone (Weathered) 5. 8°% 
Limestone (Sewage Applied) 20.7% 


* Percentage loss in number of pieces shown in parenthesis. 


10 &% 


No. 2 Test No. 3 
5 Cycle 20 Cycle 
Loss in Wt 


(Loss in We 


11.38% (14%*) 
84% 50.4% (47%) 


3.5% 64.89% (68%) 


i 

abate 

> 

q 

wa 

J 

i 
id 
_ 
é 
= 
| 
3 - 
~ 


874 SEWAGE AND INDUSTRIAL WASTES July, 1950 


plied for about two months, followed 
by weathering for about 1 yr.; also on 
another to which settled sewage had 
been applied for about 13 months 

The principal purpose of the sound 
ness test as used in this investigation 
was not to determine fundamental 
soundness of these materials, but to 
determine the extent of deterioration 
through use as filter media. Results 
indicate some deterioration, but in 
sufficient tests have been run to afford 
any conclusion or to establish any re 
lationship between soundness and de 
terioration 

To determine the extent of bed 
settlement as a possible indieation of 
deterioration of filter media, levels 
were taken on plates set in the top 3 
in. of the wood slat, gravel, and lime 
stone beds. Elevations were checked to 
0.001 ft. The plates set in the gravel 
and limestone beds on September 21 
1948, have shown no settlement to date 
March 6, 1950 A plate set in the 
wood slat bed on March 25, 1949, was 
»bserved to have settled 0.253 ft. when 
measured on Mareh 6, 1950. This me 
dium has settled about 6 in. since the 
test started No settlement was ob 
served in the wood block filter. There 
are no visual signs of deterioration of 
any of the media being tested 

Analysis of samples of applied sew 
age and effluent from the limestone bed 
Unit 21) for caleium shows that there 
is some soluble calcium being picked 
up by the sewag A composite taken 
between November 12 


and December 


17, 1947, gave 514 p.p.m. as CaO in 
the influent and 66.5 p.p.m. as CaO in 
the effluent, a pick-up of 15.1 p.p.m. 
as CaO. A sample taken May 28, 1949, 
vave 21.2 p.p.m. as CaO in the influent 
and 42.0 p.p.m. in the effluent, a pick- 
up of 20.8 p.p.m. as CaO. This latter 
test indicates a loss of about 1.6 lb. per 
day of calcium as CaO at the 5-m.g.a.d. 
loading rate. This represents about 
1/70 of the total bed weight per year 
and it seems likely that some time will 
pass before this deterioration will be- 


come evident 


Conclusions 


The following is concluded from the 
test to date: 


1. The information in this test serves 
to indicate substantiation of Velz’s 
‘Basie Law 

2. The rate of oxidation of B.O.D. 
with depth of filter beds is somewhat 
higher than is reported by Velz. Be- 
cause of this, it may be of economic 
advantage to construct filters 4 ft. 
deep, instead of the standard 6 ft., for 
use in southern areas 

3. Nitrification in a trickling filter 
follows the monomolecular reaction pat- 
tern and depends to some extent upon 
the type of filter medium and loading 
rates ¢ mploved 

t. The Chattahoochee River gravel 
appears to be suitable for trickling fil- 
ter media in Florida. A longer testing 
period will be required to determine 
the suitability of the limestone and 


wood media 
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CHLORINATION OF RAW AND DIGESTED SLUDGE * 


By Ricnarp G. TyLer, GERALD T. OrLOB, AND Frep W. WILLIAMS 


Professor of Civil Engineering and Graduate Students, respectively, University of Washington, 


The proposal by A. M. Rawn and E. 
J. Candel (1) that well-digested 
sludge might be disposed of by dis- 
charging it with the plant effluent, 
where conditions permit the disposal 
of the latter with safety and where 
sludge banks will not be formed, is 
receiving considerable attention from 
sanitary engineers everywhere.  Re- 
gardless of the variance of opinion on 
this proposal, it is considered highly 
desirable to have accepted standards 
challenged from time to time so that 
they will be re-examined ‘and ap- 
praised as to the extent to which they 
are defensible in the light of increas- 
ing knowledge. Although it is not the 
purpose of the present paper to take 
part in any controversy, it is believed 
that the subject should be broadened 
to include possible chlorination of the 
sludge where health considerations 
are involved. If sludge can be chlori- 
nated satisfactorily and economically, 
the possibilities for its discharge into 
receiving waters are greatly expanded. 
Because sewage treatment is so costly, 
any method for cutting costs while 
maintaining acceptable sanitary stand- 
ards in the receiving waters should be 
given unprejudiced consideration. 

A search of the literature revealed 
an almost complete absence of data on 
this subject; therefore, research was 
undertaken to determine the feasibil- 
ity of chlorinating both digested and 
raw sludge. Although the investiga- 
tion herein discussed has been of a pre- 


* Presented at Water, Sewage, and Indus 
trial Wastes Research Symposium, National 
Institutes of Health; Washington, D. C.; 
June 22-23, 1949. 


Seattle, Wash. 


liminary nature and limited primarily 
to the sludge from a single municipal 
disposal plant, this progress report is 
made with the hope that it may bring 
to light heretofore unpublished data. 


Purposes of Research 


The primary purpose of this study 
is to determine whether raw and di- 
gested sludge can be sterilized, and if 
so, by what techniques and dosages. 
The problem may be subdivided as fol- 
lows : 


1. Necessity for and methods of dis- 
integrating or homogenizing sludge 
sufficiently for effective chlorination to 
take place. 

2. Determination of the chlorine de- 
mand for raw and digested sludge. 

3. Effects of chlorination (other 
than sterilization) on sludge, such as 
those on B.O.D., pH, and settleability 
of the sludge. 

4. Effects of prechlorination of sew- 
age on sterilizing the sludge removed 
thereafter by primary settling. 


Some of these have been investigated 
in a preliminary way, whereas others 
have received but little consideration 
to date. It is recognized, for ex- 
ample, that effective plant-scale chlori- 
nation of sludge will depend on the 
economic dispersion of the sludge. 
However, this is a problem that re- 
quires larger than laboratory-scale 
operations for its solution. The au- 
thors have investigated the  effeec- 
tiveness of the comminution which 
occurring naturally in sewers as a 
preparation of the sludge for chlori- 
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nation. The results of this study are 
discussed later 
Many tests made to determine tl 


effects of excessive chlorine dosages on 


the B.O.D. or stability of sewage have 
been reported, but none have consid- 
ered its sterilization effect on the 
sludge. Anaerobic digestion followed 
by drying has been accepted so uni 
versally as the method for treating 
sludge that its sterilization apparently 


has not been investigated 


Homogenization of the Sludge 


It was assumed at the start of this 
research that it would be necessary to 
break up the sludge thoroughly in 
order to secure intimate contact with 
the chlorine and thus obtain effec 
tive sterilization. Therefore, available 
methods of homogenizing the sludge 
in the laboratory were investigated, to 
vether with the degree of homogent 
zation that might be required The 
methods used ineluded discharging 
the sludge through a nozzle directed 
against a wall, forcing it through the 
narrow slot of a small laboratory 
homogenizer, and agitating sludge di 
lutions with a labaratory blender. The 
latter was found to be the. most effer 
tive method and the easiest to stand 
ardize for test purposes; therefore, it 
was used throughout the experiments 
A preliminary test series, in which the 
sludge was agitated for varying per! 
ods of time, indicated relatively littl 
improvement occurring after the first 


few minutes of mixing. Mixing with 


the blender for 5 min. was adopted, 
therefore, as the standard preparation 
of sludge for chlorination in the tests 
hereinafter discussed. A microscopic 
examination of the sludge after its 
homogenization indicated that very 
thorough disintegration had been a 
complished, but it was discovered, 
also, that on standing the = sludg 
tended to coagulate again. This ne 

+} +} ‘ hl rine 


cessitated addition of 


immediately after or during 
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ing process, before coagulation could 
interfere with its action. 

Ilomogenization of the sludge is 
aided by inereasing the dilution. As 
a dilution of 1: 300 would produce a 
volume of diluted sludge about equal 
to the original volume of sewage under- 
voing sedimentation, it would obvi- 
ously be advantageous in practice to 
homogenize the sewage before sedi- 
mentation, where it is not already 
sufficiently comminuted, chlorinate it, 
and thus sterilize both sewage and 
sludge together. The amount of homo- 
genization required by any sewage 
will vary inversely with that already 
produced by flowing long distances in 
the sewer, by agitation from pumping, 
or by turbulent flow where grades are 
steep 

The sludge utilized in the tests in- 
cluded both raw and digested sludge 
from the sewage treatment plant at 
Kirkland, Wash., a small residential 
city of approximately 4,000 persons. 
The sewage and sludge are, therefore, 
typical for small residential communi- 
ties. The raw sludge was taken from 
the sludge line to the digester, the di- 
vested sludge being obtained from the 
line discharging to the sludge beds. 

A test consisted of agitating the pre- 
pared sludge dilution as heretofore de- 
seribed, applying chlorine in varying 
percentages of the chlorine demand, 
allowing the dilution to stand for the 
desired contact pe riod, ehecking the 
further action by neutralizing the 
chlorine with sodium thiosulfate, and 
making the KE. coli determination and 
total count on five or more appropriate 
dilutions of the treated sludge. The 
chlorine was applied as chlorine water, 
which was made up in concentrations 
of 300 to 600 p.p.m. The residual chlo- 
rine was measured by the starch- 
iodide method, using 0.025N sodium 
thiosulfate in the titration, rather 
than the 0.01N solution specified in 
Standard Methods 2 The stronger 
solution was used beeause of the high 
residual sometimes obtained. This 
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Vol. 22, No. 7 CHLORINATION OF RAW 
method had obvious advantages over 
the ortho-tolidine method commonly 
used, particularly where the time of 
contact had to be accurately controlled 
or where high residuals were produced. 


Effectiveness of Chlorination 


For the purposes of the present re- 
search, a 99 per cent reduction of total 
organisms, or M.P.N. of E. coli, was 
taken as the objective to be obtained 
for purposes of comparison. Stand- 
ards for sludge chlorination might con- 
ceivably be more lenient than for sew- 
age, even though more bacteria are 
involved, as sedimentation should pro- 
duce a more rapid reduction. Both 
total counts and M.P.N’s were de- 
termined, as the former gave results 
that were more consistent than the 
latter. The data obtained from both 
series are shown in Figures 1 and 2, 
which represent results obtained from 
typical determinations. 

One might infer from these curves 
that a greater chlorine economy is se- 
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FIGURE 1.—Reduction of organisms in 
raw sludge. 
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FIGURE 2.—Reduction of organisms in 
digested sludge. 


cured with greater dilutions, but the 
reverse is true. If dosages are con- 
verted to an equal solids basis and ex- 
pressed in terms of equivalent 1:100 
dilutions, the dosages for 99 per cent 
reduction in E. coli of the 1:75, 1:100, 
and 1:200 curves reduce to 8.9, 9.2, 
and 10.6 p.p.m., respectively. 

Figures 1 and 2 also indicate that 
more chlorine is required for the di- 
gested sludge per unit of volume than 
for the raw sludge. However, if these 
data are compared on the basis of vola- 
tile solids making the usual assump- 
tions about the percentage of total 
solids gasified and liquefied during di- 
gestion, the amount of chlorine per 
capita for the two types of sludge is 
practically identical. The following 
computations may assist in clarifying 
this point. Assume 0.17 lb. of solids 
per capita in the sewage, having 65 
per cent volatile solids, or 0.11 Ib. per 
capita. This is reduced 25 per cent 
during digestion. The total solids thus 
would be reduced to 0.127 Ib. per 
capita. Assuming 40 per cent volatile 
solids in the digested sludge, this would 
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give 0.051 lb. per capita, indicating a 
reduction of 54 per cent in the volatile 
solids during digestion. This is a fair 


From Figures 1 and 
2 the chlorine required for 99 per cent 
kills by total count 


digested sludge 


figure 


average 


is 13 p.p.m. for 


having 200 p.p.m. vola 


tile solids, and 5.2 p.p.m. for raw 


sludge having 176 p.p.m. volatile sol 
ids. These values represent 6.50 and 
2.96 p.p.m. chlorine per 100) p.p.m 
volatile solids, giving a reduction of 
Thus, the 


requirement 1s 


54.5 per cent reduction 


in chlorine approxi 
mately the reduction in 


during the 


same as the 


volatile solids digestion 
process, Or, in terms of chlorine re 
quired per capita per day, the digested 
sludge utilizes 6.5 x 0.051 0.332 chlo 
rine units per capita per day, 


the raw 


whereas 
0.11 


0.326 chlorine units per capita per day, 


sludge utilizes 2.96 
a difference of less than 2 per cent 
This relationship varies with the differ 
and the 
sterilization ob 


ent dilutions of sludge 
different degrees of 
tained 
to be 


relative costs, but to the fact that both 


used 


However, the principal point 


made is not with reference to 


raw and digested sludge of the type 


used can be chlorinated satisfactorily 


at re lative ly low dosages of chlorine. 
if the 


itself is not excessive 


chlorine demand of the sewag: 


Figure 1 also shows a greater r 
duction in E#. coli than in total nun 
bers of Thus, the EF. coli 
ll to the left of the curves 
representing the total kill at 
ntration 

It should be that th 


required chlorine dosage increases rap 


bacteria 
curves are we 
each 
sludge conc: 
noted, also, 
idly if kills greater than 99 per cent 
For the 1:200 dilu 
required 
p.p.m 
cent kill of FE. coli, an increase of 148 
per cent. The 


are investigates 


tion, the increases 


dosage 


from 3.5 to 8.5 for a 99.9 per 


correspo id ny increase 
in dosage for increasing the kill of total 
organisms to 


Hag per cent would 


slightly exceed 100 per cent 
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Chlorine Demand of Sludge 


The chlorination of 
has generally been considered impracti- 


sewage solids 
cal because of the large amount of ab- 
sorption of chlorine by suspt nded sol- 
ids. Aceording to Rudolfs and Gehm 

}) the settleable and finely divided 
solids may account for approximately 
the total 


domestic 


70 per cent of chlorine de 
This ab- 
sorption of chlorine by sewage solids 


mand of sewage 
would lead one to anticipate large chlo- 
In this in- 
therefore, it was sought to 
effect on chlorine de- 
mand, not only of the concentration of 
suspended solids, but other 


factors. such as size of dosage, the econ- 


rine demands from sludge 
vestigation, 
determine the 


also of 


The chlorine 
demand consists primarily of that ab- 
sorbed by the sewage solids, or sludge, 
with the portion absorbed by the bac- 
affect the 
This germicidal action 


tact time, and septicity. 


teria being too small to 
quantities used 
and the chlorine absorption by the sol- 
ids present take place in parallel, as 
borne out by the research of various 


investigators, lor example, one con- 


cludes that roughly 15 per cent of the 

chlorine demand is sufficient to prevent 

septicity. This indicates that partial 

sterilization has occurred, even at this 

low degree Faber (4 

points out percentages of EF. 


i destroved by varying fractions of 


of chlorination 
that the 


the chlorine demand 
Table I 


lar results were obtained and high per- 


centages ol 


was as given in 
In the present research, simi- 
kills were secured before a 
hlorine residual appeared. 
The chlorine digested 
that for 
sludge ; but this is not surprising 


solids are finer 


demand of 


several times 


sludge is raw 
The 


and septic digestion 


TABLE I. ~—E. coli Killed by Chlorination 
Below the Chlorine Demand 
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has produced by-products having high 
demands. The increased demand of 
septic over fresh sewages has added 
greatly to the cost of chlorination in 
the southern or hotter areas of the 
United States, especially where the dis- 
tance travelled is great enough for 
anaerobie decomposition to be well ad- 
vanced. The authors have observed 
that the chlorine demand of sewage 
that had become septic when set aside 
in the laboratory, had increased by as 
much as 1,000 per cent. Figures 3 and 
4 show the relationship of chlorine de- 
mands of raw and digested sludge for 
viven concentrations of volatile and 
total solids. The demand varies di- 
rectly with the volatile solids for raw 
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FIGURE 3.—Relation of chlorination effi- 
ciency to volatile solids. 


sludge (Figure 3). For the digested 
sludge it increases similarly, but at a 
higher initial chlorine dosage. 


Effect of Chlorine Concentration on 
Chlorine Demand 


When small quantities of chlorine are 
applied to suspensions of organic mat- 
ter, the chlorine is rapidly taken up 
and a residual does not appear until 
considerable quantities have been used. 
More chlorine is added until a residual 
of 0.1 to 0.2 p.p.m. is obtained. A 
15-min. contact period was selected, 
as little change in chlorine absorption 
occurs beyond that time. Although a 
residual of 0.1 to 0.2 p.p.m. was con- 
sidered adequate, many tests were run 
with much larger residuals, in order 
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FIGURE 4.—Relation of chlorination effi- 
ciency to total solids. 


to have a wider range of chlorine dos- 
ages. The demand as computed from 
samples thus overchlorinated was, 
naturally, greater than that showing 
only slight residuals. The relationship 
between the chlorine applied and the 
chlorine absorbed, together with the 
residual produced, is shown in Figure 
5, which shows that the chlorine resi- 
dual increases with increasing dosages, 


Effect of Contact Time on Chlorine 
Residuals 


Figure 6 shows the effeet of contact 
time on the chlorine residuals remain- 
ing after designated times of contact 
for a given chlorine dosage. The chlo- 
rine is inereasingly absorbed or lost 
with time so that a definite contact time 
is essential. Figures 7 and 8 show 
this same relationship in terms of vary- 
ing total and volatile solids. Starting 
with a demand of about 20 p.p.m., the 
demand increases slowly with increas- 
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FIGURE 5.—Relation between chlorine 
concentration and absorption. 
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FIGURE 6.—Effect of contact 
chlorine residuals. 


time on 


Hlere, also, is seen the 
greater effect of volatile than of total 


solids on the demand 


ing solids 


Effect of Chlorine on pH and 
Settleability of Sludge 


Figure 9 shows the greater speed of 
settling of the more bulky raw sludge 
than that of the 
Its pH is 


chlorine 


before chlorination 
affected 
but its 


ly 


sludge 


cligre sted 
more by the added, 
speed of settling increases only slight 
more rapidly than that of the digested 
The more finely divided di 
gested sludge settles about one-half as 
sludge at all 
More difficulty from the forma 


sludge 


rapidly as the raw dos 
apres 
tion of sludge banks In streams having 
a given velocity would be experienced 


both 


vreater settleability and its larger vol 


with raw sludge, because of its 


ume col 


A more rapid decrease of E 


FIGURE 7.-—Effect of total solids 


chlorine absorption 


on 
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FIGURE 8.—Effect of volatile solids on 
chlorine absorption. 


also result with raw sludge 


would 


dumping 


Aftergrowth Studies 


In aftergrowth studies on 
Rudolfs and Gehm (3 
chlorinated samples generally show a 
than do 


sewage, 
observed that 
greater aftergrowth unchlo- 
rinated samples under identical con- 
These studies 


ditions of ineubation 
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FIGURE 9.—Effect of chlorination on 
sludge settleability. 
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also indicate that the magnitude of the 
peak aftergrowth is inversely propor- 
tional to the degree of chlorination up 
to 100 per cent chlorine demand satis- 
faction (10-min. contact), and that 
the length of time required to reach 
the peak is greater in those samples 
receiving the greater chlorine dosages. 

Rudolfs and Gehm suggested that the 
variations in aftergrowth might be at- 
tributed to a greater percentage re- 
duction in numbers of protozoans, 
which feed on bacteria. Because of 
their original lesser numbers and their 
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chlorine, respectively—were incubated 
at 20° C. for an extended period. All 
samples were placed in similar con- 
tainers and were subjected to identical 
physical conditions. Specimens were 
taken from each of the three bottles at 
intervals during incubation and the 
total numbers of bacteria were deter- 
mined by direct count on nutrient agar 
incubated 48 hr. at 20° C. The results 
are shown in Figure 10. 

It is noted in the small insert figure 
that lag periods of approximately 2 and 
4 days occur with the chlorinated sam- 
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greater susceptibility to the action of 
chlorine, their early reduction permits 
the unrestricted multiplication of bac- 
terial forms. Another explanation for 
aftergrowth is that the chlorine-resist- 
ant organisms may normally have a 
higher growth level than the mixed 
fauna of the sewage. 

An aftergrowth study similar to 
those conducted by Rudolfs and Gehm 
was made on samples of digested sludge 
after chlorination. These samples—an 
unchlorinated control and two dilu- 
tions receiving 30.8 and 61.2 p.p.m. of 


FIGURE 10.—Aftergrowth in chlorinated digested sludge. 
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ples, which would give time for the 
discharged sludge to travel some dis- 
tance from its point of discharge, 
either in a stream or in tidal waters. 
During this period it would probably 
be deposited or greatly diffused and 
diluted, so that its effect could possibly 
be undetectable. What effect discharg- 
ing the sludge into fresh or sea water 
after chlorination may have on elimi- 
nating this lag period has not been in- 
vestigated. 


As this study proceeded, it became 
increasingly clear that although the 
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882 SEWAGE AND 
sludge can be adequately comminuted 
while (1:5 dilu- 
tion), it requires greater dilution for 
effective chlorination. It thus became 
obvious that prechlorination 
of the sewage, if effective, would pro- 


quite concentrated 


a heavy 


vide a better method for sterilizing the 
the 
chlorinated will rreater 
than that of th There 
are floating sewage solids that will not 


sludge, as sewage volume to be 


not be 
diluted sludge 


much 


be easily chlorinated, but these can be 


either comminuted or removed by 


screening for incineration or burial 


with the screenings. 


Tests were run, therefore, to deter- 


mine whether prechlorinating the sew 


TABLE Il. 


Test Number Sewage Sample 
Kirkland 
2 Kirkland 
3 So. Tacoma Trunk 
So. Tacoma Trunk 
is 


age would sterilize the sludge thereafter 


removed by primary settling. Table 
Il gives the results of tests made of 
Kirkland and Tacoma sewages Ob 


viously the Tacoma population 
139,000) sewage is very dilute and 
well comminuted In fact, the larg: 
amount of infiltration in the latter gives 
it a B.O.D. of only 60 p.p.m., which 


explains its very low chlorine demand 
The Kirkland 


smaller cities 


sewage 1S 
the 
travelled shorter distances in the sewers 


typi al of 
where sewage has 
and 
less effec tively comminuted Its B.O.D 


that of the 


is therefore fresher and obviously 


Tacoma sew 


chlorine de 


iS about twice 


which increases its 


ape, 


mand 
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Conclusions 


1. Sludge can be sterilized by ade- 
quate prechlorination of the sewage be- 
fore settling. 

2. It is simpler, should be less costly, 
and is reasonably efficient in chlorine 
i prechlorinate the 


dosage, to sewage 
than to chlorinate the sludge 


rather 
removed from primary settling tanks. 

3. Both raw and digested sludge can 
be chlorinated satisfactorily after hav- 
ing been broken up in a laboratory 
blender. 

4. Although dilution appears to fa- 
cilitate homogenization of the sludge, it 
does not increase the chlorination effi- 
erency, 


Sterilization of Sludge by Sewage Prechlorination 


hlorine 
Dosage Kill in Sludge 
p.pa 
5.27 97.42 total organisms 
12.45 99.9 total organisms 
5.00 97.0 total organisms 
99.0 E. coli 
1.6 98.0 total organisms 
1.6 09.0 EF. coli 
2.2 99.0 E. coli 


imple not homogenized, but only shaken enough to mix the added chlorine. 


5. The ehlorine demand varies di- 


rectly with the amount of volatile 
solids in the sludge 

6. The chlorine residual, as deter- 
mined by the starch-iodide method, 


varies directly with the applied chlo- 
rine dosage in excess of the chlorine 
demand The chlorine absorbed con- 
sists of the chlorine demand plus an 
amount proportional to the chlorine 
residual 

7. The quantity of chlorine per capita 
for sterilizing sludge was approxi- 
mately equal for the raw and digested 
sludge utilized 
8. The chlorine absorbed varies di- 
rectly with the dosage and time of eon- 
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9. Chlorination of sludge decreases 
the pH and improves the settling char- 
acteristics of sludge. 

10. E. coli appear to be more sus- 
ceptible to chlorination than do the 
total organisms. 

11. Aftergrowths occur with small 
chlorine dosage, but decrease with in- 
creasing dosages. 

12. Positive presumptives are ob- 
served after sludge chlorination, but 
the percentage confirmed on eosin 
methylene-blue media is low. 

13. A lag occurs in the development 
of aftergrowths following chlorination ; 
it varies directly with the chlorine 
dosage. 

14. All positive presumptives from 
unchlorinated samples were confirmed 
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the Twenty-Third Annual Meeting of the Federation in October. 
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hotel. Note that the technical program will open on Monday morning, 
October 9, and will close at noon on Thursday, October 12. 
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OXIDATION OF SULFIDES DURING SEWAGE 
CHLORINATION 


By Joserpu NAGANo 


Materials Testing Engineer, Bureau 


of Standards, Dept. of Public 


Works, 


Los Angeles, Calif. 


An erroneous concept is oecasionally 
perpetuated by the common acceptance 
of an experimentally unproven theory. 
The belief that chlorine merely oxidizes 
sulfide to sulfur is an example of such 
Chlorine demand determi- 
nations at the Hyperion chlorination 
plant of the City of Los Angeles con- 
sistently indicate that the product of 
chlorination of sulfide 


a concept 


is sulfate, and 
not free sulfur as has been generally 
assumed, 

Verification of this implication was 
sought experimentally in of 
laboratory tests. Four series of tests 
were made: 


a series 


1. The chlorine demand of solutions 
of known 
fide 


2. The chlorine demand of solutions 


concentrations of zine sul 


of known concentrations of hydrogen 
sulfide. Tests were made in both alka 
line and acid solutions 

3. Solutions containing known quan 
tities of sulfide were chlorinated and 
the oxidized products precipitated with 
barium chloride 

4. Observations were made of color 
changes in water solutions of hydrogen 
sulfide as chlorine was added and resid 
ual chlorine tested with ortho-tolidins 
In all tests the evidence shows that the 
chlorine-sulfide ratio which exists when 
sewage is chlorinated is approximately 
9 to 1 


have 
reaction to 


Several authors (1)(2)(3)(4 
stated the chlorine-sulfict 
be: 

Cl, + 2C l 
of 


This reaction requires 2.22 


chlorine to oxidize each part of sulfide. 
In the tests reported, the following re- 
action is more nearly consistent with 
the evidence 


4 Ch—SO,"+8 HCI (2) 


In this reaction, 8.87 parts of chlorine 
are required to oxidize each part of 
sulfide. 


Oxidation Reduction Potentials 


Inspection of the table of oxidation- 
reduction potentials shows that the oxi- 
dation of sulfide to sulfate would prob- 
ably occur as follows: 


S"=5+2 
3 H.0+85 
= H,S80,+4 Ht++4 e- 


H.O+ H.SO; 
SO, +4 Ht+2¢ 


0.51 V (3) 


—0O.47 V (4) 


—0.14V (5) 


Addition of Eqs. 3, 4, and 5 gives 


H,O+5 


=SO,-+8 H++8 « —0.10 Vo (6) 


The oxidation-reduction potential of 
chlorine is 
2 Cl- =Ch+2 e- — 1.359 V 


(7a) 


4Cl, =8 Cl-—8e 1.359 V (7b) 


Addition of Eqs. 6 and 7b gives 
H,.0+87+4 Cl, 
=S0,-+8 HCl 


1.259 V (8) 


Chlorine Demand of Zinc Sulfide 
Solutions 


of the chlorine de- 
mands of solutions of various sulfide 


Determination 


j 
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concentrations appeared to be the 
simplest and most direet approach to 
the problem. In the initial investiga- 
tion, zine sulfide solutions were used 
in preference to solutions of hydrogen 
sulfide because of their stability and 
freedom from the fugitive nature of 
solutions of gases. Data from these 
tests (Table I) showed an average of 
9.2 parts of chlorine were required to 
oxidize each part of sulfide. This value 
is in close agreement with the theoreti- 
cal chlorine-sulfide ratio of 8.87 :1. 


TABLE I.—Chlorine Demand and Chlorine- 
Sulfide Ratio of Zinc Sulfide Solutions 


Total Chlorine Chilorine- 
Sulfide | Demand | Sulfide 
(p.p.m } (p.p.m.) | Ratio 

7.0 | 685 | 
6.0 53.7 9.0:1 
3.6 315 | 88:1 
2.5 23.3 | 9.3:1 
1.5 | 13.5 9.0:1 
15 13.2 88:1 
14 13.0 9.3:1 
08 7.6 9.5: 1 
0.8 7.3 9.5:1 

Av. 9.2:1 


Chlorine Demand of Hydrogen 
Sulfide Solutions 


The chlorine demand of various con- 
centrations of hydrogen sulfide solu- 
tions also confirmed the evidence that 
sulfide is oxidized to sulfate as shown 


TABLE II. —-Chlorine Demand and Chlorine- 
Sulfide Ratio of Alkaline Hydrogen 
Sulfide Solutions 


Total | Chlorine | Chlorine- 
pH Sulfide | Deraand Sulfide 
p.p.m (p.p.m.) Ratio 
8.4 10 | | 87:1 
8.4 7.2 67.2 | 9.3:1 
8.6 3.3 31.7 9.6:1 
8.6 2.0 20.8 10.4:1 
8.6 1.8 19.0 10.6:1 
8.6 0.9 0.0 10.0:1 
8.4 0.3 2.7 9.0:1 
Av. 9.7:1 
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TABLE III.— Chlorine Demand and Chlorine- 
Sulfide Ratio of Acid Hydrogen 
Sulfide Solutions 


Total | Chiorine Chiorine- 


pH Sulfide Demand Sulfide 
(p.p.m p.p.m Ratio 
4.5 6.5 57.6 | 8.9:1 
6.4 3.6 30.4 | 8.5:1 
3.7 2.8 25.6 91:1 
4.0 2.7 22.4 | 8.3:1 
3.9 2.2 20.8 04:1 
4.0 14 13.8 


Av. 8.9:1 


in Eq. 2. In this _ investigation 
(Tables Il and LIL) solutions of pH 
8.4 to 8.6 required an average of 9.7 
parts of chlorine per part of sulfide; 
in solutions of pH 3.7 to 6.4, an aver- 
age of 8.9 parts of chlorine were re- 
quired for each part of sulfide. The 
variations of ratios 8.5: 1 to 10.6: 1 are 
within the limits of accuracy of the 
analyses, as the chlorine demand was 
only determined to the nearest 0.5 ml. 
of chlorine water. Special precautions 
were taken to minimize the loss of hy- 
drogen sulfide in the test. 


Precipitation of Sulfide as Sulfate 


Precipitation of barium sulfate from 
solutions of sulfide oxidized with chlo- 
rine further confirmed that the reac- 
tion of Eq. 2 predominates in chlori- 
nated sewage. It was found that 
sulfide thus oxidized could be semi- 
quantitatively recovered sulfate. 
If chlorine oxidized sulfide to sulfur, 
as shown in Eq. 1, it could not have 
been recovered as barium sulfate. 
This semi-quantitative precipitation of 
sulfates with barium chloride proves 
conclusively that sulfide is oxidized by 
chlorine to sulfate. 


TABLE IV. Recovery of Sulfide as Sulfate 


Total Oxidized Sulfide 
Sulfide in 
(p.p.m (p-p.m.) 
6.6 7.2 
13.0 14.2 
35.0 33.0 
55.0 57.0 


\ 
bad 
\ 
3 
$ } 
j 
| 
| de 
4 
Ke 
: 


SAO SEWAGE AND INDUSTRIAL WASTES July, 1950 


Observation of Color Changes 


Observations were made of color 
changes in water solutions of hydrogen 
sulfide as varying amounts of chlorine 
water were added and residual chlorine 
and sulfide were determined. A chlo 
rine residual, as indicated by ortho 
tolidine, was found to disappear 
rapidly until each part of sulfide was 
met with nearly 9 parts of chlorine 
If this demand is only partly satisfied 
an equivalent amount of sulfide is oxi 
dized to sulfate, the unoxidized por 
tion remaining primarily as_ sulfide 
Although a slight sulfur formation 
may be seen, it appears that direct sul- 
fate formation is the predominant re 
action 


Chlorine Demand and Sulfide of 
Hyperion Sewage 


Tests of chlorine demand and sulfide 
have been made hourly on the influent 
to the Hyperion screening plant for 
the past several years. From Figure 
1, it is evident that the chlorine de- 


TABLE V.—-Results of Partial and Complete 
Chlorination of Sulfide 


None 
None 
None 
Residual | None 


mand always exceeds the theoretical 
ratio of 8.87:1. Probably part of the 
demand is due to organic matter. 
Nevertheless, the trend of the tests 
clearly indicates that an increase in 
sulfide increases the chlorine demand 
and it seems logical to conelude that 
the demand is due in a large measure 
to sulfide present 


Summary 


Although several authors may _ be- 
lieve that sulfide is oxidized to sulfur 
in the presence of chlorine, chlorine 
demand and gravimetric sulfate deter- 
minations give evidence that sulfide is 
oxidized to sulfate by chlorine and 


In 


FIGURE 1.—Chlorine demand and total sulfide of Hyperion sewage. 
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that the ratio of chlorine equivalent to 
sulfide is 8.87 to 1. 


Acknowledgment 
The writer sincerely wishes to ac- 
knowledge his indebtedness to the Staff 
Members of the Bureau of Standards 
for their aid in the preparation of this 
paper. 


References 
1. Eliassen, R., Heller, A. N., and Kisch, G., 
‘*The Effect of Chlorinated Hydro 


OXIDATION OF SULFIDES 


887 


carbons on Hydrogen Sulfide Produc 
tion.’’ Sewage Works Jour., 21, 3, 
450 (May, 1949). 

2. Heukelekian, H., ‘‘ Utilization of Chlorine 
During Septicization of Sewage.’’ 
Water and Sewage Works Eng., 95, 
179 (1948). 

3. Pomeroy, R., and Bowlus, F. D., ‘‘ Progress 
Report on Sulfide Control Research.’’ 
Sewage Works Jour., 18, 4, 622 (July, 
1946). 

4. Faber, H. Chlorination—- 
Reason and Results Sewage Works 
Jour., 18, 2, 296 (Mar., 1946). 


** Sewage 


U. S. SEWERAGE AND SEWAGE TREATMENT SUMMARY 


Sewer systems serving the homes of 
25,000,000 people in the United States 


discharge their wastes into public 
waterways without treatment. Wastes 


from homes occupied by another 25,- 
000,000 people are only partially 
treated. These and other facts relat- 
ing to the sewer systems and sewage 
treatment plants of the country re- 
cently were made public in ‘‘Statisti- 
cal Summary of Sewage Works, in the 
United States’’ (Supplement 213, Pub- 
lic Health Reports), prepared by the 
Environmental Health Center (Cinein- 
nati) of the Public Health Service. It 
summarizes basic data on the country’s 
sewage works first appearing in the 
‘1945 Inventory of Water and Sewage 
Facilities,’’ a Public Health Service 
survey covering all communities of 
over 100 population in the United 
States. It is noted that there has been 
no significant change in the general 
situation since the survey. 

The statistical summary discloses 
that of the 22,400 communities listed 
in the 1945 inventory, 8,917 (approxi- 
mately 40 per cent) had sewer systems, 
which were used by approximately 54 
per cent of the total estimated popula- 
tion of the country. The national av- 
erage of 62.7 per cent for the sewer- 


connected population whose wastes 
were treated in sewage treatment 


plants was exceeded in three geographi- 
eal areas—the East North Central 
States, the West South Central States, 
and the Mountain States. Together, 


they contain slightly more than one- 
third of the total population of the na- 
tion whose homes are connected with 
sewers. 

In a number of scattered States— 
Arizona, Illinois, Maryland, Nevada, 
New Mexico, Texas, and Wiseconsin— 
homes of 9 out of 10 persons are con- 
nected with systems which include 
sewage treatment. The proportion is 
nearly as high—4 out of 5 persons—in 
the East North Central States, which 
contain 19.4 per cent of the total popu- 
lation of the country served by sewer 
systems. 

Between 1930 and 1945 more than 
3,800 communifies installed sewer sys- 
tems, thus increasing the total number 
of systems by 75 per cent. However, 
there was not a corresponding increase 
in the number of persons served. Be- 
tween 1940 and 1945 there was an in- 
erease of 401 community sewer sys- 
tems, which brought sewer facilities to 
over 4,000,000 more persons. 

Practically all communities of over 
10,000 population, and about 91 per 
cent of those in the 5,000 to 10,000 
group, had sewer systems in 1945. 
Slightly more than 1 per cent of those 
communities of over 100,000 popula- 
tion contain almost half of the coun- 
try’s population served by sewer sys- 
tems. By contrast, less than 18 per 
cent of the communities under 1,000 
population are connected to sewer sys- 
tems. 
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Microbial oxidation of dairy wastes 
to reduce stream pollution is under in- 
vestigation in this laboratory. The 
use of yeast was suggested by earlier 
studies, which showed that this type of 
microorganism has a high and rapid 
The soluble ear- 
bohydrates and proteins in waste 
water from the manufacture of sweet 
potato starch and peanut protein (2) 
have been readily converted to yeast 
cells, with a decrease in biochemical 
oxygen demand (B.0.D.) of the efflu 
ent after the separation of the yeast 


assimilative ability 


for feed purposes. Yeast has been 
grown on many fruit wastes (9), and 
recently production of feed yeast from 
citrus wastes has reduced the pollu- 
tion (10 
about 80 per cent reduction in the 5- 
day B.O.D. after the removal of the 
veast. These industrial wastes have a 


Generally, there has been 


much larger proportion of organic 
matter than the dilute wastes produced 
in dairies 

Reduction of the pollution of a dairy 
waste must be accomplished by the re 
moval of the soluble organic constitu 
ents Yeasts convert some of the 
solubles to relatively stable microbial 
cell substances that are removable by 
natural or mechanical sedimentation 
Other solubles are partially or com 
pletely oxidized as a source of energy 
for cell production and for mainte 


nance of growth. Ruchhoft ef al 


Industrial Wastes 


BIOCHEMICAL OXIDATION OF DAIRY WASTES. 
II. COMPARATIVE STUDY OF YEASTS 


By Nanpor Porass, JANeT B. Pepinsky, Nancy C. HENDLER, 


Hoover 


arch Laboratory, Burcau of Agricultural and Industrial Chemistry, 
Agricultural Research Administration, U. 8S. Department of Agriculture, 
Philadelph a, Pa 


6)(7) reported similar observations 
when glucose was added to activated 
sludge 

For application to dilute dairy 
wastes, a veast must utilize the lactose 
and proteins and continue its activities 
at the low concentration of available 
nutrients. This report presents pre- 
liminary studies made with yeasts 
grown under vigorous aeration in syn- 
thetic dairy waste 

A synthetic waste was produced by 
dissolving 1 g. of dried skim milk in a 
The resulting solution 
contained 370 p.p.m. of protein and 
500 p.p.m. of lactose; it had a 20-day 
B.O.D. of about 1,050 p.p.m., a value 
equal to that of the chemical oxygen 
demand (€C.0.D This solution 
approximated fairly well the effluent 
from many dairy processing opera- 
tions. The methods used for studying 


liter of water 


the course of the oxidation have been 
reported 


Aeration Vessels 

Sintered-glass gas washing bottles 
were used as small aeration vessels (4 
In each bottle were placed 400 ml. of 
0.1 per cent skim milk solution and 
100 p.p.m. of silicone antifoam dis- 
persed in ether. The bottles were then 
sterilized at 15-lb. steam pressure for 
15 min. After inoculation, the bottles 
were placed in a chamber at 30° C. 
Air, filtered through sterile activated 
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carbon, was bubbled through the so- 
lution at the rate of 400 ml. per bottle 
per minute. Sufficient bottles were 
prepared to permit the removal of 
duplicates at 24-hr. intervals. 


Analytical Methods 


The contents of one of the duplicate 
bottles were made to the original 400- 
ml. volume with water, then mixed and 
centrifuged. Determinations for lac- 
tose, protein, and chemical oxygen de- 
mand were made on the clear superna- 
tant liquor. The solution in the second 
bottle was filtered through glass wool. 
The insoluble material adhering to 
the side walls and glass wool was dis- 
solved by warm sodium hydroxide and 
added to the filtered liquor. After 
neutralization with sulfurie acid and 
addition of water to obtain the origi- 
nal 400-ml. volume, the total C.O.D. 
and protein were determined. The 
C.O.D. of the constituents was calcu- 
lated from these results (4). 


Cultures 


Four yeasts were selected for study 
—NSaccharomyces fragilis and Torulo- 
psis cremoris, both lactose-fermenting 
veasts; Candida lypolytica, included 
because of its possible usefulness for 
this purpose; and Torulopsis utilis, 
which has been used for production of 
feed yeast from nondairy wastes. 

The cultures used for preparation 
of the inocula for the aeration experi- 
ments were maintained on nutrient 
agar slants containing beef extract, 
peptone, and 0.1 per cent of dried 
skim milk. Roux culture bottles con- 
taining 150 ml. of 0.1 per cent skim 
milk were seeded with the yeast and 
incubated at 30° C for 65 hr. The 
bottles were thoroughly shaken to as- 
sure uniform dispersion of the cells, 
and 20-ml. quantities were added as 
inoculum to each aeration vessel con- 
taining 400 ml. of sterile synthetic 
dairy waste. 
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FIGURE 1.—Effects of yeasts on the 
chemical oxygen demand of dilute milk 
waste and lactose in the waste. (1) S. 
fragilis, (2) T. cremoris, (3) C. lypolytica, and 
(4) T. utilis 


Selection of an Active Yeast 


Figure 1 shows the effects of the 
four selected yeasts on the C.O.D. of 
the dilute dairy waste, as well as on 
the lactose it contained. S. fragilis 
Was most active in reducing the C.O.D. 
of the total waste; the reduction prac- 
tically paralleling the reduction in 
C.O.D. of the lactose. For example, 
the C.O.D. of the total waste was re- 
duced from 1,060 to 630 p.p.m. in 72 
hr., whereas the C.O.D. of the lactose 
was reduced from 640 to 0 p.p.am. In 
this experiment, there was a conver- 
sion of about one-third of the lactose 
to other substances having an oxygen 
demand ; the remaining two-thirds was 
completely oxidized, leaving a waste 
whose total oxygen demand was re- 
duced by 38 per cent. Separation by 
centrifuge gave a supernatant liquor 
with a C.O.D. of 200 p.p.m., a redue- 
tion of approximately 80 per cent. 
Of this 200 p.p.m. C.O.D., coagulable 
protein accounted for 4 p.p.m., non- 
protein nitrogenous substances ac- 
counted for 112 p.p.m., and other sub- 
stances for 88 p.p.m. (4). 
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The results obtained with TJ. cre- 
moris were not so satisfactory, al- 
though this organism is an active lac- 
tose-fermenting yeast (5 Lactose 
utilization was not as complete as with 
S. fragilis, and the total C.O.D. was 
reduced by only 144 p.p.m._ Centri- 
fuging gave approximately a 40 per 
cent reduction in the C.O.D., or half 
of that obtained by S. fragilis, show- 
ing that in addition to the sugar, con 
siderable nitrogenous material was still 
in solution. 

The remaining two yeasts had prae- 
t cally no effect on the lactose. Even 
in the centrifuged liquid, the C.O.D. 
was only slightly reduced, indicating 
little cell production or conversion to 
insoluble material that could be sepa 
rated. 

Figure 2 shows the reduction of 
C.O.D. in the centrifuged effluent. 
These results indicate that S. fragilis 
may have possibilities as a means of 
reducing the pollution of dilute dairy 


waste 


Supplementing with Ammonium 
Sulfate 


Although casein itself is generally 
utilized by yeast for growth (8), ad 
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FIGURE 2.—Chemical oxygen demand 
of the clear effluent of dilute milk wastes 
after removal of yeasts by centrifuge. (1) 
S. fragilis, (2) T. cremoris, (3) C. lypolytica, 
and (4) T. utilis. 
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FIGURE 3.—Effect of ammonium sul- 
fate on the chemical oxygen demand of 
dilute milk waste inoculated with S. fra- 
gilis. 

(1) Ammonium sulfate not added. 

(2) 11.25 p.p.m. of nitrogen as ammonium 
sulfate. 

(1A) Supernatant of (1). 

(2A) Supernatant of (2). 


dition of readily available nitrogen 
may hasten sugar assimilation. This 
was indicated by analysis which 
showed that practically all the protein- 
nitrogen in the milk waste had been 
taken up by S fragilis in the first 24- 
hr. period, although considerable lae- 
tose remained. The nitrogen require- 
ment was determined from the average 
earbon and nitrogen contents of dry 
yeast (46.8 and 9.75 per cent, respec- 
tively) (1)(3) and of the dry skim 
milk (39.6 and 6.0 per cent). To 
convert all the carbon in 1 g. of skim 
milk to yeast cell substance, 82.5 mg. 
of nitrogen would be required. Of 
this amount, 60 mg. of nitrogen are 
present in the milk, thus requiring the 
addition of 22.5 mg. for total conver- 
sion. Aerators were prepared con- 
taining synthetic dairy waste to which 
were added inerements of 2.25 mg. of 
nitrogen as ammonium sulfate. Ad- 
dition of 4.5 mg., or 11.25 p.p.m., gave 
the best results. Apparently, all the 
carbon was not used for cell produe- 
tion. Figure 3 shows that the super- 
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natant centrifuged solution gave prac- 
tically the same C.O.D. in 24 hr. when 
nitrogen was added as in 72 hr. with- 
out addition of nitrogen. The lactose 
had practically disappeared. When 
nitrogen was added, there was a 93 per 
cent reduction in the C.O.D. in 72 hr. 


Use of Other Salts 


Addition of dipotassium phosphate 
to the waste had no beneficial effect ; it 
seemed to retard the yeast. Sodium 
nitrate was not utilized by the yeast. 
Replacement of ammonium hydroxide 
for the sulfate was not satisfactory, 
especially in the earlier periods of 
growth. However, a combination of 
ammonium hydroxide and sulfate may 
aid in controlling the acidity, which 
was pH 4 or lower when sulfate was 
used. 


Rate of Air Flow 


In these experiments, a high rate of 
air flow (equal to one volume per min- 
ute or 400 ml. of air per 400 ml. of 
solution) was arbitarily chosen. The 
air supplies oxygen to the solution for 
the maintenance of biological activity ; 
it washes out volatile impurities and 
waste products, such as carbon dioxide ; 
and it maintains the waste and the 
yeast in constant agitation, thus favor- 
ing increased activity. Experiments 
made to determine whether a lower rate 
of air flow would serve these functions 
showed that similar results were ob- 
tained even if the air flow was reduced 
to one-half or one-fourth this rate. 
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Discussion 


Use of a yeast to reduce the pollu- 
tion of dilute dairy waste was sug- 
gested because of the ability of these 
organisms to utilize carbohydrates and 
proteins, the two major soluble con- 
stituents of the waste. Under proper 
conditions of aeration and agitation, 
the greater part of the soluble lactose 
and casein were converted to insoluble 
cell material. When the yeast was re- 
moved by centrifuging, the C.O.D. of 
the effluent was reduced as much as 84 
to 93 per cent. In one experiment, after 
48 hr. of aeration, the clear effluent had 
a C.0.D. of 138 p.p.m. and a 5-day 
B.O.D. of 86 p.p.m. 

Only a limited number of yeasts can 
ferment or utilize lactose. S. fragilis 
has the ability to use lactose and casein 
at the low concentrations present in 
dilute dairy wastes. A small amount 
of ammonium sulfate had an accelerat- 
ing action. The rate of aeration was 
reduced to one-fourth volume of air per 
volume of solution per minute with 
no apparent change in activity. As 
only the oxygen dissolved in the waste 
supports biological activity, apparently 
at the lower rates of flow there was 
sufficient oxygen for this purpose as 
well as for agitation and purging of 
the liquid. 

The feasibility of using S. fragilis in 
a continous process for the purifica- 
tion of ditute dairy waste is being in- 
vestigated \n a laboratory scale. The 
recovered yeast may have some value. 
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NATIONAL TASK COMMITTEE ON INDUSTRIAL WASTES 


Representatives of 22 of the Nation’s 
leading industries concerned with solv 
ing difficult industrial waste disposal 
problems affecting the quality of the 
country’s water resources met in May 
for a two-day conference with the Pub 
lic Health Service. The meeting re 
sulted in the establishment of a Na 
tional Technical Task Committee on 
Industrial Wastes, which then drew up 
the broad outlines of an industry-Fed 
eral government approach to the con 
trol of water pollution caused by in 
dustrial wastes, and set itself three 
immediate tasks 


1. To assemble a source list of exist 
Inge processes and practices employed 
in using, treating, and controlling in 
dustrial wastes 

2. To assemble a tabulation of r 
search projects, both underway and 
contemplated, concerned with utiliza 
tion, treatment, and disposal of wastes 

§ To provide a list defining prob 
lems confronting a given industrial 
group and for which there is no satis 
factory solution, particularly those 


common to more than one industry 


The Committee elected the following 
officers: Lyman Cox, waste disposal 
consultant, E. IT. DuPont de Nemours 
and Company, Inec., Wilmington, Del., 


chairman; Harry W. Gehm, technical 
director, National Council on Stream 
Improvement of the Pulp, Paper and 
Paperboard Industries, Ine., New 
York, N. Y., vice-chairman; and Louis 
F. Warrick, chief, Technical Services 
Branch, Division of Water Pollution 
Control, Public Health Service, secre- 
tary 

The Committee also established four 
major ‘‘task groups,’’ to act as work- 
ing committees in carrying out the 
functions of the committee at large. 
They are 


Task Group I—Food industries, with 
sub-committees representing canning, 
dairy, corn, fermentation, distillers, 
beet sugar, and meat. 

Task Group II]—Mineral products, 
with sub-committees on iron and steel, 
non-ferrous metals, coal mining, other 
mining, petroleum, by-product coke, 
and gas 

Task Group process- 
ing, with sub-committees on chemical, 
textile, pulp and paper, tanning, rub- 
ber, and electroplating. 

Task Group [V—General industries, 
with sub-committees on autonotive and 
electrical equipment manufacturing, 
and the National Association of Manu- 


facturers. 
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LIME IN WASTE ACID TREATMENT * 


By C. J. Lewis anp L. J. Yost 


Technical Director and Chief Chemist, Eastern Lime 


Division, respectively, 


Warner Company, Devault, Pa. 


The treatment of industrial wastes in 
compliance with stream pollution abate- 
ment requirements offers a great chal- 
lenge and a large field for exploration 
to the researcher. Many industrial 
wastes are of an acidic nature and an 
alkaline agent is required in the course 
of their disposal. A liming material 
will usually be the most economical 
alkaline agent. The comments con- 
tained herein on the utilization of lime 
in waste acid treatment are intended 
to focus attention on fundamental 
items that must be evaluated in arriv- 
ing at the best choice of a liming ma- 
terial for treating an acid waste. 


Selection of Material 


The first approach to selection of the 
liming material involves an understand- 
ing of data such as given in Table I. 
Obviously, for any contemplated waste 
disposal development accurate quota- 
tions for the particular locality should 
be substituted in Col. 3. By dividing 
the basicity factor (Col. 2) into the 
delivered (Col. 3), the relative 
dollar cost of a unit of neutralizing 
value (Col. 4) ean be obtained for any 
locality. Such procedures will focus 
attention on the liming material rep- 
resenting the cheapest source of alka- 
line agent. Effort can then be made to 
develop the waste disposal operation 
around the cheapest liming material. 

It is next suggested that the behavior 
of the liming material be evaluated 
in terms of the pH range over which 


cost 


* Presented at 23rd Annual Meeting, Penn 
sylvania Sewage and Industrial Wastes Assn. ; 
State College, Pa.; Aug. 24-26, 1949. 
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treatment is to take place. The be- 
havior of the major components of 
liming materials with reference to pH 
is generalized in Figure 1. This is a 
practical generalization based on ex- 
perience in the field. 

However, the selection of a liming 
material based on its cost and pH per- 
formance alone can be very misleading 
unless the reaction rate of the liming 
material is taken into account. 
The authors’ visualization of such re- 
action rates in terms of pH are gen- 
eralized in Figure 2. This is a very 
important consideration where large 
quantities of waste acid are to be 
treated, for, in such cases, contact time 
between liming material and waste 
acid is usually limited, and the reaction 
rate may become the major factor in 
the selection of the liming material. 


also 


Handling 


Another important point involves 
the handling of the liming material. 
If a hydrated lime is to be used, lime 
consumption is usually small, so that 
the greater cost of a unit of neutraliz- 
ing value in the form of a hydrate is 
more than offset by the saving in stor- 
ing and handling the material in 50-Ib. 
bags. The most frequently experienced 
difficulty in the feeding of hydrated 
lime is the tendency of this material 
to bridge and to flood. The suppliers 
of feeding mechanisms should be 
quizzed, in particular, on this point. 
Where quicklime is to be used, the 
pebble form ranging from 2-in. top 
size to dust and fines is likely to be 
selected. Of the quicklimes, the pebble 
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TABLE I.—Economic Comparison of Chemical Equivalents of Liming Materials 


[ | 2 ] 3 4 
| | A QUOTATION | 
| f PHILA 

LIMING MATERIAL | O€scripTive Approx. | 1.0.0. PHit | Per 2000 Lb 
| FORMULA | BF 4) 1949) | 
| | (Per 2000 Lb) AS ca O 
| DOLOMITIC QuUICKLIME | CaO MgO 120 $ 12.29 8 $ 10.97 9 
| Hi- CALCIUM QUICKLIME | Cad 096 | $1443 2] $15.03 9 
- - + - + + 
| NORMAL DOLOMITIC HYDRATE Ca (OH), MgO 088 | $15.29 ® |_$ 17.37 ® 
| DoLomITIC PRESSURE HYDRATE | 0.83 | $ 17.79 + $21.43 8 
| Hi-CALCIUM HYORATE | CalOH), | O.71 | $17.43 8 $2455 8 
} . +— —+ 
| Dovomitic Puty. Limestone | CaCOyMgCO, | 058 | 6.02 $1038 ° 
| Hic Caccium Pucv. Limestone | Ca COs | 054 $ 7.27 $13.46 


& Basicity Factor * GRAM EQUIVALENT CaO PER GRAM OF LIMING MATERIAL 
BULK SHIPMENT 

50 Lb. Paper Bacs 

© BOLD ParpeR Bacs 

COMMON IMPURITIES (SiOg COzg) From |! To 5% TorTAaL 


form has marked advantages as to devices and screening systems of the 


unloading, storing, and handling. pebble lime producer; likewise, nails 
Equipment for the application of and other metallic items, which work 
pebble quicklime is fairly well stand loose from rolling stock, or which enter 
ardized, The most common shortcom through the lime unloading equipment 
ing of such equipment is its unwilling- at destination, are occasionally found 


ness to accommodate the occasional in pebble quicklime. Although every 
tramp iron which gets into pebble effort is made to prevent the entry of 
quicklime from causes almost beyond tramp metal into pebble quicklime, pro- 
control. Nuts, bolts, drill heads, and vision must be made in the processing 
metallic parts of processing equipment equipment of the waste disposal plant 


occasionally evade the best magnetic to accommodate for such occurrence. 


ACIDIC ——» ALKALINE 

pH 0123 45 67 8 9 WO 2 13 14 

| | | | 
CALCIUM OXIDE = = 
OR > ~ > 
HYDROXIDE 
4 4 4 4 


FIGURE 1.—pH range of liming component activity. 
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FIGURE 2.—Reaction rate ranges for liming materials. 


Serew conveyors for the handling of 
pebble quicklime seem to be particu- 
larly sensitive to tramp iron; therefore, 
their use and design should be given 
careful study. Figure 3. illustrates 
tramp iron removed from a lime slaker 
after the processing of about 500 tons 
of pebble quicklime. Although the 
amount of tramp iron is insignificant, 
the spikes in particular could jam a 
screw conveyor, causing extensive dam- 
age and prolonged shutdown. 


Method of Application 


If quicklime is used, provision usu- 
ally must be made for its proper slak- 
ing. The object of slaking quicklime 
is to attain a slurry of very finely 
divided particles, preferably in the 
range from 8 to 15 per cent lime solids 
by weight. Lime applied in the form 
of a water slurry is more quickly and 
completely reacted than if applied in 
a dry form. 


The particles in a conventional lime 
slurry should be substantially smaller 
than 200-mesh screen size. Unless the 
quicklime is finely ground, provision 
must be made for the removal of core 
and inert materials from the lime 
slaker. Core usually consists of raw 
limestone, fused silicates, and bits of 
refractory from the lime kiln, and 
commonly ranges in size from 20 mesh 
to 2 in. Particles of core finer than 
20 mesh are likely to be carried from 
the slaker with the lime slurry. Core 
rejected will, on a wet basis, average 
from 1 to 5 per cent of the quicklime 
being slaked. The core that follows the 
lime slurry into the process may later 
settle out at low velocity points, and 
provision for such occurrence should 
be made. 

There are a number of concerns sup- 
plying lime-slaking equipment, and the 
technique of slaking and slurrying lime 
is fairly well understood. Lime slakers 
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FIGURE 3.—Tramp iron removed in 


should be operated as hot as possible, 
the of 
consistent with the ability of the slaker 
Dilu 
tion water to effect a slurry of desired 


using minimum amount water 


to mix contents and reject core 
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slaking 500 tons of pebble quicklime. 


consistency is added at the slaker out- 
flow. High-caleium quicklime is less 
to during 


slaking than is dolomitic quicklime. 


sensitive water-lime ratio 


The slaking characteristics of dolo- 


AGING TIME 
HOURS 1 - 
> + + + + + + + + t t 
A DOLOMITIC QUICKLIME - WATER | | 
4 + + + 
SYSTEM AT a 
| Ay | 
Curve A* A RELATIVELY INACTIVE QUICKLIME 
Curve Be A VERY ACTIVE QUICKLIME 4 
if | | 
2 + } + 
| 
/ | | 
+ + + 
+f + + 
f 
4 + + + — 
| 
+ 
50 60 70 80 100 
PERCENT MgO HYDRATED 


FIGURE 4.—Hydration rates of a very active and a relatively inactive quicklime. 
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Caccium IN EFFLUENT FROM APPROX 3 PERCENT HeSO4- WATER 
SYSTEM TREATED WITH SLAKED AND SLURRIED Hi-CALCIUM QUICKLIME 


T ] Bit. 
104 | |_| 
| | | 
B= 24 Hours AFTER LIME ADDITION 
6 + | 
| 
fz 
| | 
| | 
| 
i | | | 


o+ + 
.@] 200 400 600 800 
PARTS PER MILLION Ca 


1000 1200 1400 1600 1800 2000 


FIGURE 5S. 


mitie quicklime are largely determined 
by the activity of the magnesium oxide 
component. Some dolomitic quick- 
limes are overburned for one reason or 
another, during processing. This results 
in their magnesium oxide component 
hydrating with diffieulty, or not at all, 
in conventional lime slakers. The mag- 
nesium oxide component of pebble 
dolomitie quicklime is generally quite 
active. Such differences in hydration 
rates are reflected in Figure 4. When 
slaking dolomitic quicklime of the less 
active form, special effort should be 
made to hold the slaking temperature 
above 170° F., even if this means the 
use of steam or hot water. If the slurry 
is to be stored for any length of time, 
sufficient water must be present to ac- 
commodate the magnesium oxide, which 
will slowly hydrate; otherwise, a jell- 
ing or setting action will occur. The 
more active form of dolomitie quick- 
lime so nearly resembles high-caletum 
quicklime in its slaking characteristics 


that no particular precautions need be 
exercised. 


Formation of Sludge 


The volume, settling rate, and de- 
watering characteristics of the sludges 
produced by the various liming ma- 
terials when applied to waste acids are 
often critical elements affecting the 
choice of the liming material. This is 
particularly so where lagooning area is 
limited, or non-existent, and mechani- 
cal dewatering of sludge is a necessity. 
The variety of waste acids to be treated 
render a discussion of the sludge prob- 
lem too lengthy for more than passing 
mention. The solubilities of the par- 
ticular salts of the various liming ma- 
terials, available in many textbooks 
and tables, afford a guide in appraising 
the problem of sludge disposal. Be- 
eause sulfuric acid is so common to, 
and often predominant in, the waste 
acids of industry, consideration of the 
behavior of the liming materials in sul- 


~ 
| 
| 
{ 
5 
; 
3 
ace 
ay 
; 
“ 
i Ar 
2 
& 
ie 
4 
af 
4 


6 

4 

2 + + 

9 
0 200 400 600 800 


Parts PER MILLION Ca 


FIGURE 7. 


808 SEWAGE AND INDUSTRIAL WASTES July, 1950 4 
Caccium In EFFLUENT FROM APPROX PERCENT H,SO,- WATER | 
oH System TREATED WITH SLAKED AND SLURRIED Hi-CALCIUM QUICKLIME 
iO 
‘a= 30 MIN AFTER Lime ADDITION 
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— 44 
4+ - a 
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FIGURE 6. 
furie acid systems is of particular sig- to a minimum where sulfuric acid 
nificance. wastes are involved. In some applica- 
Calcium sulfate is quite insoluble as _ tions the utilization of a dolomitie lim- e 
contrasted with magnesium sulfate. In ing material will completely eliminate 
this respect, dolomitie liming materials sludge formation. sulfurie acid 
are especially useful in holding sludge systems, high-caleium liming materials 
CALCIUM IN EFFLUENT FROM APPROX 4 PERCENT-H2SOq- ONE PERCENT Nag SOq- 
pH WATER SYSTEM TREATED WITH SLAKED AND SLURRIED Hi-CALCIUM QUICKLIME 
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due, no doubt, to post-precipitation of 
{ gypsum resulting from the tendency been known to dissolve away heavy 
of calcium sulfate to supersaturate its  seale deposits previously formed from 
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CALCIUM AND MAGNESIUM IN EFFLUENT FROM ApPROx 3 PERCENT H,SO,- 


WATER SYSTEM TREATED WITH SLAKED AND SLURRIED DOLOMITIC QuUICKLIME 
A*Ca 30 MinuTeS AFTER LIME 
B*Ca 24 Hours AFTER LIME 
6 C* Mg 30 MinuTes AFTER 
i De 24 HOURS AFTER LIME 
f 
it 
500 1000 1500 2000 ?500 3000 3500 4000 4500 $000 5500 
Ca- Parts PER MILLION- Mg 
FIGURE 8. 
{ can give rise to severe sealing problems may not only alleviate or eliminate the 


formation of such seale but also have 


solutions. Dolomitiec liming materials applying high-ealeium quicklime. 


CALCIUM ANO MAGNESIUM IN EFFLUENT FROM APPROX t PERCENT H2S0,4 
WATER SYSTEM TREATED WITH SLAKED AND SLURRIED DOLOMITIC QUICKLIME 


A*=Co 30 MINUTES AFTER LIME 
B=Ca 24 Hours AFTER LIME ADDITION 
C* Mg 30 MINUTES AFTER LIME ADDITION 
D* Mg 24 HOuRs , AFTER LimME ADDITION 
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FIGURE 9. 
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FIGURE 10. 


E fluent Analyses 


At some point in the determination 
of the best selection of a liming ma 
terial, an appraisal should be made of 
analysis of the effluent from the system 


under consideration. such 


effluent must be acceptable into publie 


Of course, 
waters or the major objective of the 
waste disposal operation will have been 
However, the present refer 
ence is to what effluent analyses can 


missed 


and design 
itself 


Figures 5 


reveal as to the chemistry 
of the waste disposal operation 
This point is illustrated by 
to 10 


tendency of calcium to post-precipitate 


inclusive. Figure 5 indieates the 
cent sulfurie acid-water sys 
dilute 


per cent sulfuric 


in ao per 
tem. Figure 6 shows how a more 
about 


acid aggravates the post-precipitation 


system of 


effect, but encourages initial solubility 
Figure 7 suggests that the presence of 


other salts in a sulfurie acid-higl 


caleium lime system ean alter solubili 
ties and influence post-precipitation of 
Figures &, 9, and 10 


sulfuric acid 


calcium sulfate. 
pertain to Systems to 
which dolomitie 
They 
oxide 


quicklime has beer 
illustrate the fact that 
will 


applied 


calcium precipitate mag 


nesium in such excess of 
pH! 10, and further confirm that the 
presence of other salts markedly af- 
fects the calcium sulfate solubility. 
Sufficient data of this nature have not 


systems in 


been developed to arrive at any con- 
The data are pre- 
sented at this time for whatever it may 
be worth to 


clusions being 
such 
particular 
acidie waste involved in any disposal 


others engaged in 
studies Obviously, the 
process should be thoroughly studied 
on a laboratory basis with respect to 
scaling, post-precipitation, and ealeium 
and magnesium solubilities before the 
choice of liming material is finally 
made 

One of the most common errors made 
in the application of liming materials 
failure to establish 
the minimum acceptable effluent pH, 


to waste acids is 


and failure to provide adequate reae- 
tion time between lime and acid to 
reach such minimum pH. Where large 


involved and 
reaction time is not thoroughly ap- 


quantities of lime are 


the difference of even one 


preciated, 


pH unit can result in costly waste of 


lime. Secondary undesirable effects in 
the treatment operation also result 
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LBS. OXIDES PER , LIME REQUIREMENT FOR NEUTRALIZING 2 PERCENT SULPHURIC 
_&g 1000 GALLONS ACID ACID USING A DOLOMITIC PEBBLE QUICKLIME SLAKED AND SLURRIED. 


+ 


L + —* 
THEORETICAL OXIDE REQUIREMENT AT” 
10.5 InFini TE Time 1045 Les. Per 1000 GaLons 
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RETENTION TIME - MINUTES 
FIGURE 11. 


from the excess lime dosage. The im- in question, inadequate reaction time 
portance of this consideration is re- was provided and exeess dolomitie 
flected in Figure 11. A further practi- quicklime was applied to develop a 
Bi eal application of these data results pH of 6.5 in about 2 minutes. As a 
: from the theoretical considerations re- result, the calcium component of the 
flected in Figure 12. In an actual case dolomitie quicklime reacted prefer- 


CALCULATED SLUDGE COMPOSITIONS FROM NEUTRALIZING 4 PERCENT SULPHURIC ACID WITH 
SLAKEO AND SLURRIED DOLOMITIC PEBBLE QUICKLIME, USING AMOUNTS OF LIME SHOWN IN 
FiGuRE I! TO PRODUCE A pH OF 65 IMPURITIES NEGLECTED CALCULATED TO THE 
Basis (CaSQ,) ANO MAGNESIA CALCULATED AS OXIDE ASSUMED SOLUBILITY OF 
Gypsum SOLUTION aS 2.0 Grams CaSO, PER Liter (1669Les Per 1000 
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FIGURE 12. 
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entially to form gypsum sludge and, 
in addition, the unreacted magnesium 
the total 


sludge burden to produce an unwieldy 


oxide component added to 


amount of solids in the system. By 
providing adequate reaction time so 
that the lime dosage could be reduced 
and still reach a pH of 6.5, the calcium 
component of the dolomitie quicklimy 


did not form gypsum in excess of its 
likewise, the magnesium 
found 


which to react, so that unreacted mag- 


solubility ; 


component acid value with 


nesium oxide was reduced almost to 


the vanishing point. From analyses of 


the sludge formed in this particular 


waste treatment operation it 
learn that the best lime effi 


was reflected by the highest per 


was sul 
prising to 
centage of magnesium oxide solids in 


the sludge. 


Dry Liming 
One final fundamental point concern 
ing the application of liming materials 


mentioned 


to waste acids should be 
It often 


volumes in a 


is highly desirable to hold 
waste disposal operation 
The use of 
tly opposes the prin 


Althoug! 


to a minimum 


slaking lime dire 


ciple of minimum volumes 


the tramp water entering the system 
perce T 
we 
; 
4 
Ame 
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water for 


July, 1950 


by way of the lime slurry may not be 


appreciable for waste acids of low 


strength (see Figure 13), it becomes a 
major consideration in treating high 
waste 


few 


strength acids, particularly a 


Within the 


years the procedure of dry liming has 


pickle liquor. last 
been given considerable study as it 
the 


In addition, sludges from dry lime-acid 


avoids carry-in of tramp water 


systems have unusual dewatering and 


settling characteristics. However, the 


technique of dry lime addition has not 
been perfected and considerable study 
on this point is in order. It is recom 
that 


considered along with all other methods 


mended dry lime addition be 


of waste acid disposal. In some cases 
the reduction in total system volume, 
excellent filtering character- 
istics of the resulting sludge, may well 


plus the 


justify an elaborate investigation of 
the dry lime principle before final de- 
sign of the acid disposal system is 


determined 


Summary 


In conclusion, it is again emphasized 
that the made concern 
fundamental items that it is believed 
should be tak when se- 


observations 


n into account 
lecting a liming material and applying 


FIGURE 13. 
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it to waste acids for trade waste dis- 
posal purposes. The objective of this 
discussion has simply been to call at- 
tention to the basie items which should 
be intelligently appraised and investi- 
gated and to present a sample of the 
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MARYLAND WATER POLLUTION CONTROL COMMISSION 
WINS FIRST CIVIL CASE 


An important victory was won by 
the Maryland Water Pollution Control 
Commission in its first court action to 
control pollution of Maryland waters, 
when Associate Judge John B. Gray 
of the Seventh Judicial Circuit re- 
cently gave the A. H. Smith Sand and 
Gravel Company of Branchville, Md., 
60 days to correct pollution of Indian 
Creek. The decision as issued by 
Judge Gray is a clear-cut and forceful 
backing of the Water Pollution Con- 
trol Commission's efforts to clean up 
Maryland waters. 

Even greater than ordinary impor- 
tance is attached to the decree, because 
last year the Commission lost a ecrimi- 
nal case in the appellate court against 
the same defendant, the jury having 
reversed the judge’s decision. The 


civil suit was brought against the com- 
pany under the charge of dumping 
mud, clay, and fine sand into Indian 
Creek, a tributary of the Anacostia 
River. It was brought out in court 
testimony that the company dumped 
this form of pollution at the rate of 8 
tons every operating hour. 

In his opinion, Judge Gray sug- 
gested several alternative actions the 
company might take to prevent heavy 
silt discharges and gave it 60 days to 
adopt one of them. The Court also re- 
tained jurisdiction 


in order to com- 
pel the construction, maintenance, and 
operation of the alternative adopted 
and to determine whether or not such 
method effectually prevents the pollu- 
tion of Indian Creek.’ 
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EQUILIBRIA IN DILUTE CYANIDE WASTE 
SOLUTIONS 


By Davip MILNE 


Chemical Engineer, General 
Most of the methods developed for 
the treatment of cyanide bearing 
wastes are directed mainly towards 
concentrated solutions of cyanides 
rather than the more dilute solutions 
resulting from rinsing operations. 
For reasons of simple economy it 1s 
usually inadvisable to apply these 
gvrosser chemical methods to large vol 
umes of extremely dilute rinse waters, 
partly because of the large physical 
installation necessary, and partly be 
cause of the inefficiency of chemical 
reactions at the lower concentrations 
These waste liquids, which may con 
tain from less than 10 to more than 
100) p.p.m total cyanide, present a 
considerable problem in disposal where 
local regulations must be met or where 
discharge to watercourses would create 
a health hazard or be a breach of com 
munity good manners 
Some hope is being placed in the use 
of ion exchange equipment to eliminate 
low concentration of cyanide in rinse 
waters, but as yet these units have not 
been proven under actual plant oper 
ating conditions. The opinion has 
been expressed, however, that ion ex 
change equipment would be prohibi 
tively expensive to operate and would 
simply result in concentration of the 
evanides and the subsequent use of 
other disposal methods to treat the 
concentrated waste 
So far, no completely acceptable 
method for handling these ( 
wastes has been proven in practice, 
and considerable investigation is in 
progress towards the solution of the 


problem Beeause indus 


Motors Corp., Detroit, Mich. 


considerable pressure from state, Fed- 
eral, and conservation agencies to 
eliminate water pollution by cyanide 
wastes, and because the problem is 
being attacked by interested university 
and public health department person- 
nel, some rapid progress in this field 
can be expected 

Most of the present work is in the 
nature of practical application, in 
which some method of treatment dis- 
covered by accident or design is in- 
vestigated to determine its efficiency. 
During these investigations very little 
consideration has been given to the 
various equilibria existing in dilute 
evanide solutions. It may be profit- 
able. therefore, to look into some of 
these equilibria in the hope that at 
least a better understanding of the 
situation will be obtained even if no 
new method of approach is suggested. 
It may also be possible to shed some 
light on some of the inconsistencies 
observed between investigators of es- 


sentially the same problems 


Fundamental Considerations 


To begin with the simplest of funda- 
mentals, it should be pointed out that 
sodium cyanide, the material from 
which most of the troublesome cyanide 
is derived, is the salt of a strong base, 
sodium hydroxide, and a weak acid, 
hydrogen cyanide. Being the salt of 
a strong base and a weak acid, it will 
hydrolyze when in solution in accord- 
ance with the usual habits of these 
salts, and the solution will be notice- 


ably alkaline in reaction. This hy- 


| 
: 
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drolysis may be represented as 
Na*+CN-+H,0= Nat++OH-+HCN 


As the very weakly dissociated hy- 
drocyanie acid formed in the hydroly- 
sis permits very little free hydrogen 
ions in solution, hydroxyl ion from 
the strongly dissociated sodium hy- 
droxide will predominate to produce 
an alkaline solution. Thus, a solution 
of sodium cyanide in water is simply a 
solution containing sodium hydroxide 
and hydrocyanic acid as its predomi- 
nant constituents. 

Hydrolysis of a chemical agent is 
frequently prevented by the addition 
to the solution of one of the products 
of the hydrolysis. Therefore, the ad- 
dition of sodium hydroxide to the so- 
lution of sodium cyanide should dis- 
place the equilibrium shown in the 
hydrolysis reaction to the left, so that 
a greater concentration of cyanide ion 
would be available for the process. 

On standing for some length of time, 
water solutions of the cyanides decom- 
pose slowly, with formation of am- 
monium formate. The rate of this 
reaction probably depends to a great 
extent on the hydrolysis rate of the 
cyanide, releasing free hydrocyanic 
acid and thus permitting the reaction. 


HCN +2H,0 = HCOONH, 


If free hydrocyanic acid is present the 
same reaction takes place, but at a 
greater rate, and with formation of a 
brown solid believed to be azulmie acid, 
C\H.N,O. According to Williams 
1), these reactions take place to a 
greater extent with solutions of the 
alkaline earth cyanides, particularly 
calcium and magnesium salts. 


Equilibria in Water Solution 


If it were to be assumed that a rinse 
water from a process using cyanides 
contains only sodium cyanide and 
water, it would be possible to calculate 
the pH values of solutions of varying 
eyanide concentrations from the rela- 
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tionship * 
OH-]= Ke ) 
[OH-]= 
or 
Ky 


—[OH-}) 


in which A, is the dissociation constant 
for water, A, is the dissociation con- 
stant for hydrocyanie acid, and C is the 
concentration in mols per liter. 

McKinney (2) has pointed out, how- 
ever, that the hydroxyl ion produced by 
dissociation of the water at these low 
concentrations will affect the hydrogen 
ion concentration considerably, and 
develops from equilibrium considera- 
tions the relationship 


(H*J= 


¢ | 
K,=[H+t}}- -+1 
which takes the hydrolysis of water into 
account. By rearranging McKinney's 
formula the following is obtained: 


(H+ 


As a cubic equation this would pre 
sent unnecessary difficulty in solution 
for the purposes in mind in this dis- 
cussion; therefore, some simplification 
If it be considered that 
at the hydrogen ion concentrations in- 
volved the expression [II*|* becomes 
negligibly small in comparison with 
K,, K,, dropping it from the equation 
should not affect the answer to any 
significant degree. The resulting ex- 
pression becomes a simple quadratic 
equation, which may be solved by con- 
ventional methods. 

From the values developed 
through these equations there can be 


is in order. 


determined the relative concentrations 
of cyanide ion and free hydrocyanic 

* Reference should be made to any textbook 
on elementary quantitative analysis for the 
derivation of these relationships. 
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acid in the solution by the relationship 


[H* [CN [HCN] 
K,, o1 
[HCN [(CN-] 
By using 7.2 x 10°’ as an average 


value for the dissociation constant for 
hydrovyanie acid (K,4) at 25° C., and 
1 x 10°** as the dissociation constant 
for water (A,) at the same tempera 
ture, and assuming that at the low con- 
centrations involved the activity co 
efficients of the electrolytes will be 
close to unity, the information in 
Table I may be developed by means of 
McKinney’s modified equation and the 
standard equilibrium expression. From 


TABLE I.-Variation in pH Value and Ratio of 
Hydrocyanic Acid to Cyanide lon with 
Total Cyanide Concentration 


{ n tra ae st 
Hi i He 
pel { 
0.01 |3.8«10°7! 7.56 | 37 
0.05 10°*| 5.9«x10~° 8.23 S.4 
0.10 3.2x10°° 8.49 1.4 
0.50 94«K10°" 9.03 1.3 
1.00 5810 24 OS 
5.00 10°" 2.23 «10 965) O31 
10.00 9.82; 0.18 
25.00 10.93 10 10.038 0.07 
100.00 14™«10 10.35 | 0.082 


this data, it would seem that, when 
the concentration of total cyanide de 
creases to a point somewhere in the 
neighborhood of 1 p.p.m., a significant 
change takes place in the equilibrium 
relationship of free hydroeyanic acid 
and cyanide ion. After this point is 
passed in the decreasing concentration 
of total cyanide, the free hydrocyanic 
acid predominates and, at a concentra 
tion of 0.0L p.p.m total CN, the con 
centration of free hydroeyanie acid 
rreater than that of evanids 


1° coneentration of 0.10 


iitnit 


these calculations indicate that more 
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than 80 per cent of the cyanide is 


present as free hydrocyanie acid 


Effect of Other Constituents 


These values, however, are based on 
the solution of a pure sodium cyanide 
in distilled water. That this situation 
differs considerably from that in ex- 
istence in normal plant waste water 
may be appreciated from the follow- 
ing considerations 


1. The rinse water from the process 
is seldom of a purity comparable to, 
or even closely approaching, that of 
distilled water The waste water, 
therefore, also will contain any or all 
of the constituents found in a natural 
water supply 

2. Rinse water from a cyanide plat- 
ing process will contain appreciable 
quantities of sodium hydroxide and 
metallic cyanide, in addition to the 
sodium cyanide 

3. Rinse water from carburizing or 
nitriding processes making use of 
molten cyanide salts will also contain 
combinations of sodium cyanate, so- 
dium carbonate, and barium chloride, 
and smaller quantities of activating 


agents such as borie acid. 


The composition of the rinse water 
presents several complicating factors. 
Many plants are now using demineral- 
izing equipment to provide rinse water 
for plating operations, as it has been 
found that staining of the work has 
been considerably reduced in this way 
and that the resulting savings in labor 
for cleaning of plated parts more than 
paid for the cost of the demineralized 
water. Some plants are attempting 
to recycle the rinse waters through the 
demineralizing equipment, in the ex- 
pectation that the waste treatment 
problem might be solved and that some 
recovery of plating chemicals might 
be effeeted. This process is still in the 
experimental stage, however, and the 
majority of manufacturers is_ still 
using raw tap water for rinse pur- 
poses. The composition of this tap 


ke 

' 
| 
: 
13 
ion. At the 
| 
UE p.p.m. total cyanide, which seems to : 
be coming into favor as a standard 
maximum for a receiving stream, 
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TABLE II.-Composition of City Water Supplies, in p.p.m. 


Component Trenton, N. J.! 


Total Dissolved Solids 70 


Calcium, Ca 12 
Magnesium, Mg 3.3 
Sodium and Potassium, Na_ | 

and K 5.4 
Iron, Fe | 0.07 
Bicarbonate, HCO, 46 
Sulfate, SO, 12 
Chloride, Cl 2.9 
Nitrate, NO, 1.1 
Fluoride, F — 
Silica, SiO, 00 


Total Hardness, CaCO, 44 


' Geological Survey Water-Supply Paper 658, Govt. Printing Office, Washington, D. C. 


Detroit, Mich.* 


Biloxi, Miss.' Pontiac, Mich." 


128 444 355 


28 2.1 66 
7. 0.2 28.45 
5.7 167 26.6 
0.06 0.17 0.50 

98 272 340 
19.4 2.7 17.2 
8.0 114 310 
— 1.3 
0.10 0.5 
5.6 27 11.2 
100 6 280 


* Eng. Bull. No. 4, Michigan Dept. of Health, Lansing, Mich. 


water introduces certain complications 
in caleulating the equilibria in the 
system. 


Water Supply 

No two water supplies are exactly 
alike in composition. Even in those 
systems drawing from the huge Great 
Lakes reservoir it will be found that 
local conditions, such as tributary 
streams, industrial waste contamina- 
tion, sewage contamination, and local 
water purification practice, will affect 
the quality of the water supplied to 
the consumer. Examination of the 
water analyses from four city supplies 
in this country (Table II) will give 
some appreciation of the widely differ- 
ent conditions to be expected. 

The analyses given may be classed 
as those of a very soft water (Biloxi), 
a soft water (Trenton), a medium 
quality water (Detroit), and a hard 
water (Pontiac). It should be noted, 
however, that although the Biloxi 
water is extremely soft, this softness 
is not due to the absence of mineral 
matter. Indeed, the Biloxi water con- 
tains even more dissolved solids than 
the hard Pontiae water. The hardness 
of the water is, therefore, not the only 
criterion on which a water supply 
should be judged for its suitability 
for commercial use, or for its effect on 


the toxicity of waste materials, as is 
shown later. Therefore, when raw city 
water is used as a rinse medium for a 
plating process, or when a cyanide so- 
lution is diluted by mixing in an ade- 
quately large water course, the buffer- 
ing action of the impurities in the 
water itself should exert some consid- 
erable effect on the cyanide equilib- 
rium of the system. 

Some consideration should also be 
given to the possibility of reduced ac- 
tivity of the cyanide ion in the pres- 
ence of the other materials commonly 
found in water. This possibility can 
be determined quite readily by appli- 
cation of Noyes’ (3) modification of 
the Debye-Huckel equation : 


log a= —0.298r (at 25° C.) 


in which @ is the activity coefficient for 
CN-, v is the valence of the CN-, and 
YC y* is the sum of the products of the 
individual molal ion concentrations and 
the squares of their valences. 

For a water supply of the analysis 
given for Detroit water, which would 
represent a supply of moderate hard- 
ness, and which for the purposes of 
this illustration would contain 10 
p.p.m. total cyanide as a waste prod- 
uct, it will be found by application of 
the above formula that the aetivity co- 
efficient is roughly 0.94 for the cyanide 
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This would indicate that 
at these low concentrations no serious 


constituent 


error would result in assuming units 
for the activity coefficient of cyanide 
when calculating equilibria in natural 
water solutions 

Assuming that a rinse water is dis 
charged into a water course of such 
volume and composition that the con 
centration of total cyanide as CN™ is 
reduced by dilution to 10 p.p.m., and 
the pH value of the stream is main- 
tained at about 7.5 by buffer action of 
the bicarbonates present in the water,* 
application of the fundamental equi 
that the 


ratio of free hydrocyanie acid to cya 


librium expression shows 
nide ion is now approximately 44 to 1, 
0.18 to 1 ratio 
when a solution of cyanide ion in dis 
tilled water 
in the 


instead of the found 


In other words, 
raw river water used as the ex 


is used. 


ample a total cyanide concentration of 
10 p.p.m. as CN~ would that 
only 10 * 1/44 = 0.228 p.p.m. cyanide 
ion would be present, the remainder 
HCN. The 
point, however, is that within reason 
able limits this ratio of 44 to 1 applies 
regardless of the cyanide ion concen 
tration, provided, that the 
buffer capacity of the natural water is 
sufficient to 
7.5 in the final solution 


mean 


being free important 


of course, 
maintain a pH value of 


Industrial workers, chemically 


trained and otherwise, have been prone 


* As the pH value of Detroit water is nor 


mally 7.4 equilibrium considerations we 
ndieat hat about 10 per cent of the tota 
CO, present wi | be in the form of HCO, 
and that 90 per cent would be in the form of 
HCO Inasmuch as the average Detroit 
analysis proximates 100 p.p.m. HCO,, th 

tof HCO present would be ibout 11 
p-pa If it issumed that in a nor 
ine plating solution the ratio of sodium hy 
lroxide t vanid n is about 1. then ir 
in eff t dil 1 by rea flow to a n 
centration f 10 p.pa vanide there 4 
be about NaOH. Combina f 
this free NaOH with the free HCO t} 
liluent water w i prod bout Ll 
HCO, and 4 py CO It w be four 
that this nbinatior pr A Vit 
with a pH v e of about 
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FIG t EFFECT OF pH VALUE 
ON FREE HCN-CN™ RATIO 
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to consider a solution of cyanide salts 
‘“alka- 
presumably with a pH of 7 or 

What is overlooked 
here is the fact that no distinct divid 
ing line is present between the point 
where no free acid exists and where the 


perfectly safe as long as it is 
line’’ 


higher being 


free acid is released in a solution con- 
taining the salt of a acid. In 
other words, a pH of 7 cannot be con- 
wall, on one side of which 
there is no danger of encountering free 
acid, 


weak 
sidered a 


The proportion of free hydro- 
eyanie acid available increases rapidly 
as the pIl decreases from a value of 
about 10 (Figure 1 The implica- 
tions of this situation on methods of 
analysis, evaluation on living organ- 
isms, and methods of disposal are ob- 


vious 
Analytical Methods 
The importance of proper sampling 
examination of 


ana 
contamination is 
rarely recognized in the majority of 


handling in the 
water for eyanide 
methods proposed for the determination 
of this constituent. Obviously, as the 
hydrolysis rate at any pH is a fune- 
tion of both time and temperature, it 
be in the interest 
curate determination to maintain the 
sample at as low a temperature as 


would of more ac- 
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possible and to conduct the analysis 
at the earliest possible instance. Be- 
cause, as pointed out above, hydrolysis 
is inhibited by inereasing the pH value 
of the solution, ‘‘fixing’’ of the cyanide 
concentration at the time of sampling 
by the addition of sodium or potassium 
hydroxide should be included as part 
of the standard procedure, regardless 
of the analytical method selected. 

One frequently notes in descriptions 
of the analytical methods for cyanide 
that filtration and even double filtra- 
tion are recommended as an aid to 
freeing the sample of any solid matter. 
Unless this filtration is conducted un- 
der the most carefully controlled econ- 
ditions, continual exposure of thin films 
of liquid to the air will result in some 
loss of hydrocyanie acid simply by op- 
eration of Henry’s law. In the event 
that turbid samples are received, and 
it is suspected that the turbidity will 
affect the results, a technique of clarifi- 
cation will have to be worked out 
which will be operative at high pH 
values and which will entail a minimum 
amount of transfer of the liquid. Any 
liquid transfer should be done in a 
manner that will minimize aeration or 
the formation of thin films. The U. 8. 
Public Health Service (4) has recog- 
nized the importance of ‘‘fixing’’ the 
samples at the point of sampling, and 
the present tentative analytical method 
in use by the U.S.P.HLS. requires care- 
ful sampling and ‘‘fixing’’ of the 
cyanide, 

Obviously, because aeration will re- 
sult in loss of HCN, considerable care 
must be exercised to prevent aeration 
in taking the sample. Investigation 
may prove the necessity for a technique 
similar to that used in sampling for 
dissolved oxygen, although it is prob- 
able that less extreme methods will 
suffice. 


Evaluation on Living Organisms 


In the investigation of the toxic ef- 
fects of various waste products on fish 
life, it is customary to immerse the 


EQUILIBRIA IN WASTE SOLUTIONS 909 


fish in containers of the solution under 
examination and to aerate the water 
vigorously with a stream of compressed 
air. This latter activity is believed 
to be essential in order to maintain an 
adequate supply of oxygen for the fish 
under test, especially when examining 
those materials which do not contribute 
to the biochemical oxygen demand. The 
pollutant in question is usually pre- 
pared to the desired concentration by 
diluting a stock solution with water 
of the composition present in the re- 
ceiving body. 

Ia the examination of the effect of 
cyanides on fish life by this procedure, 
two defects are immediately noticeable : 


1. Dilution of a cyauide-bearing stock 
solution with water of a high bicarbon- 
ate content will result in a buffered 
solution in the neutral pH range. This 
lowering of the pH value results in ex- 
posure of the fish to a mixture which is 
actually a solution of free hydrocyanic 
acid containing some cyanide ion, thus 
testing the effect of dissolved hydro- 
eyanic acid—not cyanide ion—on the 
fish. 

2. Continuous aeration of the solu- , 
tion will result in continuous loss of 
hydrocyanic acid due to the operation 
of Henry’s law. As HCN is removed 
from solution the hydrolysis reaction 
will continue at the rate necessary to 
maintain the hydrocyanie acid-cyanide if 
ion ratio. | 


Therefore, investigation of the effect 
of cyanides on fish life, or on any other 
marine organism, should be conducted 
with this loss of hydroecyanie acid in 
mind, and arrangements should be made 
to replace the lost acid as necessary to 
maintain the total cyanide coneentra- 
tion desired. 

Washburn (5) notes an apparent re- 
duction in toxicity when examining the 
effect of cyanide wastes on fish during 
a 96-hr. exposure. He ascribes the 
lessened toxie effect, however, to a 
breakdown of the active toxic sub- 
stances due to hydrolysis, which he be- 
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eves was promoted by the continuous 
stream of air passing through the test 
solutions. It is submitted here that 
the gradual decrease in toxicity was 
simply due to removal of free hydro- 
cyanie acid in the air stream. To put 
it simply, lowering the concentration 
of free hydrocyanic acid resulted in 
throwing the evanide ion-hydrocyanic 
acid system out of equilibrium, and to 
restore the equilibrium part of the 
cyanide ion present reverted to free 
HCN. This in turn was removed by 
the air stream, and the entire cycle 
repeated until the total cyanide con- 
tent was lost 

Failure to note the final pH value 
of the test solution, to maintain a con 
stant total cyanide concentration, and 
to establish a constant aeration rate, 
may account for some of the incon- 
sistencies found in investigating the 
effects of this material. 


Disposal Methods 


Occasionally one finds that a cya- 
nide-bearing waste is disposed of by 
ponding alone, and that in the dilute 
state to which it is reduced the eyanide 
concentration gradually decreases and 
eventually disappears. One of the ex 
planations offered for this phenomenon 
is that absorption of earbon dioxide 
from the air will cause the gradual 
displacement of hydroeyanic acid by 
the stronger carbonie acid. This may 
be true to some extent, but it seems 
more logical that the following circum- 
stances lead to loss of the hydrocyanic 


acid 


1. The waste solution, containing free 
sodium hydroxide, absorbs carbon di 
oxide from the air. The reactions tak 
ing place during this step ars 


CO,+ H,0 = H.CO; 
2NaOH + = Na,CO;+2H,0 
Na-CO;+ H.CO;=2NaHCQ, 


2. At the point indicated by the last 
reaction, the pH of the solution will be 


approximately 8.3, and consequently 
the ratio of free hydrocyanie acid to 
eyanide ion will be about 7 to 1. 

3. Change in pH from this point on 
by absorption of CO, will be relatively 
slow, due to the formation of the bi- 
earbonate-carbonie acid buffer system. 
(At equi-molar concentrations of 
H,CO, and HCO, the pH would be 
6.5.) Small changes in pH in this 
range, however, are reflected in large 
changes in the HCN-—CN> ratio. 

4. The gradual attainment of these 
low pH values and the corresponding 
increase in the available HCN, will re- 
sult in loss of cyanide by operation of 
Henry’s law 


It is recognized, of course, that cer- 
tain other reactions may contribute to 
the loss of cyanide, such as the forma- 
tion of ammonium formate and azulmie 
acid noted above. The explanation of- 
fered here is only part of the complex 
system in operation in such a treatment 
device 


Summary 


Elementary consideration of the 
equilibria involved in dilute solutions 
of waste cyanides in natural waters 
points to the facet that evanide is pres- 
ent to a significant degree in the form 
of free hydrocyanic acid. The propor- 
tion of the total cyanide represented 
by hydroeyanie acid is determined en- 
tirely by the pH value of the solution, 
and the common misconception that no 
free acid is present as long as a solu- 
tion is neutral or alkaline should be 
guarded against. Because certain con 
stituents in the natural water exert a 
considerable effect on the pI level of 
the final solution, the quality of the 
receiving stream will decide the ratio 
of hydroeyanie acid to eyanide ion. 
Where cyanide salts are diluted with 
distilled water, it was noted that the 
ratio of free acid to cyanide ion in- 
creased with decrease in total cyanide 
concentration 
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It was pointed out that the presence 
of a considerable part of the cyanide 
as free acid made it necessary to ob- 
serve greater care in sampling and 
handling the solutions, and that a 
‘‘fixing’’ procedure would be desirable. 
A mechanism was suggested for the loss 
of toxicity in solutions under test, and 
presented as a reason for discrepancies 
in experimental results obtained in this 
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field. The information developed also 
pointed to a mechanism for the loss of 
cyanide in the ponding method of 
disposal 


Acknowledgment 


Appreciation is expressed for the 
constructive comment offered by D. F. 
Boltz, of Wayne University, and L. A. 
Danse, of General Motors Corporation. 


References 


1. Williams, H. E., ‘‘Cyanogen Compounds.’’ 
Second Edition, p. 98. Edward Arnold 
& Co., London (1948). 

2. MeKinney, D. 8S., ‘*The Caleulation of 
Equilibria in Dilute Water Solutions.’’ 
Proc., Am. Soe. Test Mat., 39, 1191 
(1939). 

Noyes, A. 
Theory of Ionized 
Am. Chem. 
(1924). 


A., ‘‘ The Inter-Ionie Attraction 
Solutes,’’ 


Soec., 46, Part II, 


Jour., 
1099 


4. ‘* Tentative Analytical Methods for Cadmi 
um, Chromium, and Cyanide in Water.’’ 
U. 8. Publie Health Service, Environ 
mental Health Center, Cincinnati, Ohio, 
p. 8 (1949). 

5. Washburn, G. N., ‘‘The Toxicity to Warm 
Water Fishes of Certain Cyanide Plat- 
ing and Carburizing Salts Before and 
After Treatment by the Alkali-Chlo 
rination Method.’’ Sewage Works 
Jour., 20, 6, 1074 (Nov., 1948). 


hotel. 


MAKE YOUR HOTEL RESERVATIONS 
FOR THE WASHINGTON MEETING 


The Hotel Statler at Washington, D. C., will be the headquarters for 
the Twenty-Third Annual Meeting of the Federation in October. 
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Note that the technical program will open on Monday morning, 
October 9, and will close at noon on Thursday, October 12. 
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POLAROGRAPHIC DETERMINATION OF DISSOLVED 
OXYGEN IN WATER CONTAINING INDUSTRIAL 
EFFLUENT 


$y SEAMAN AND WILLIAM ALLEN 


{nicrican Cyanamid Company, Calco Chemical Division, Bound Brook, N. J. 


The alkaline hypochlorite modifica 
tion of the Winkler method has been 
proposed for the determination of dis 
solved oxygen in water containing sul 
fite, thiosulfate, polythionate, free chlo- 
rine, or hypochlorite by Theriault and 
McNamee (1 


vields low values for dissolved oxygen 


, who pointed out that it 


in the presence of sulfite waste in a 
dilution of 1 part waste to 150 parts of 
water 


determination of dissolved oxygen has 


A polarographic method for the 


been used by a number of workers who 
this method to various 
types of samples. Moore, Morris, and 
Okun (2) made a study of this method 
for the determination of oxygen in sew 
They reported, as did Ingols (3 

that the 
higher values for dissolved oxygen than 


have applied 


age 


polarographic method gave 


the values obtained by the most suit- 
able modification of the Winkler 
method 

In connection with a study of the 
disposal of Caleo effluent (4) an ae 
curate method was required for the 
determination of the oxygen concentra 
tion in the Raritan River as it was af- 
fected by the addition of Caleo efflu 
ent Because of the composition of this 
effluent (as well as of the river water 
before the of the Caleo 
effluent) the hypochlorite modification 
of the Winkler method was not 
able. From a consideration of the com 
pounds expected to be present in the 
effluent and from the known few inter- 
ferences in the polarographic method, 
it was believed that the latter was in- 
herently more accurate 


introduction 


suit 


The method reported in this paper 
differs in one important respect from 
that of Moore, Morris, and Okun (2 
in that an electrolyte, potassium chlo- 
than 
added to the sample. 


ride, rather dextrose broth, is 
The presence of 
1 per cent potassium chloride elimi- 
nates the maximum as well as dextrose 
broth 


sults in the following two advantages: 


does (5 Furthermore, it re- 
first, the resistance of the solution in 
the cell becomes negligible for all prae- 
tical and variations in the 
potential drop due to changes in con 
centration of oxygen are reduced to a 
negligible value, so that the half-wave 
potential remains fixed with varying 
concentrations of oxygen; second, in 


purposes, 


the presence of 1 per cent potassium 
chloride, the diffusion current of oxy- 
gen is not affected by further small 
changes in the concentration of salt 
in the water sample. 

Several improvements in technique 
are also presented which permit more 
convenient manipulation of the eapil- 
lary assembly. Furthermore, ecalibra- 
tion of the instrument and capillary 
in a solution of known oxygen content 
affords a more rapid calibration and 
eliminates the necessity of determining 
the concentration of dissolved oxygen 
by means of the Winkler method each 
time the instrument and eapillary are 
to be calibrated. 


Apparatus 


The ‘‘ Eleedropode,’’ a special polar- 
ograph (Fisher Scientifie Co.), was 
found to be satisfactory for this work. 
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However, other polarographs are avail- 
able commercially which are also suit- 
able. The electrolysis cell and refer- 
ence electrode are slightly modified 
forms of the types described by Lin- 


gane and Laitinen (6). 


The arrangement of the dropping 


mereury electrode and the mercury 
reservoir is somewhat different from 
that generally used (see Figures 1 and 


FIGURE 1.—-Dropping mercury elec- 

trode assembly, showing: 

A. Small test tube. 

B. Approximately 48 in. of 8-mm. Pyrex 
tubing. 

. Cork. 

. Cathode. 

. Mercury. 

Tygon tubing. 

Anode. 

Water bath. 

Steel plate % x 12 x 15 in. 

2-mm. bore capillary sealed to 8-mm. 

tubing. 

. Tygon tubing wired at both ends. 

. Dropping mercury electrode. 
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2). The stand consists of a \-in. 
metal rod, approximately 3 ft. long, and 
threaded at one end, and a heavy metal 
plate, approximately ‘4 x 10 X 12 in., : 
drilled and threaded to take the '%-in. | 
rod. A copper tube of slightly larger 
inside diameter than the outside di- 


36" 


12"- 


L 


FIGURE 2.—Detailed view of electrode- 
supporting assembly, showing: 

A. %-in. inside diameter brass ring soldered 
to brass tubing. 

B. 2'-in. extension rod for added leverage. 

C. Ye-in. diameter iron rod 3 ft. long. 

D. Adjustable brass ring used to adjust 
height of assembly and the dropping 
mercury electrode. 

E. %-in. thread set screw. 
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FIGURE 3.—Cell holder, showing: 

A. 1/16-in. sheet rubber to secure cell. 

B. Stainless steel hook threaded to plate. 
(Used to fasten sheet rubber around 
cell.) 

C. Ye-in. steel bar to fasten rubber to plate. 

D. Stainless steel screws. 

E. '4-in. stainless steel plate to fit bottom 
of porcelain pan. 


ameter of the iron rod is fitted with a 


clamp so that it may be set at any 
desired position on the rod, The eapil- 
lary is attached to an &-mm. Pyrex 


glass tube, about 4 ft 
means of a short length of ‘‘Tygon’’ 
A glass T is sealed to the glass 
tubing 2 in. above the top of the capil 


in length, by 
tubing 
lary, and a 3-ft. length of '4-in. Tygon 
glass 
leveling bulb and the capillary. The 
Tygon tubing should be cleaned before 
hydro 


distilled wa 


tubing is connected between a 


use by means of warm, dilute, 


chlorie acid, rinsed with 
ter, and finally dried with a stream of 


clean, dry air. The entire assembly 


is mounted by means of clamps to the 
copper tube Calibration of the in 


strument and subsequent analysis of 


water samples are carried out at a 
fixed dropping rate of mercury. The 
1 start 


dropping rate is measured at the 
and as 
the height 


mereury column when placing 


of a series of determinations, 
it is unnecessary to change 
of the 
the capillary in the cell, the manipula 
onvenient 


method, The cell 


tion of the eleetrode is more 


than by the 


usual 
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is placed in a porcelain pan, which is 


f about 2 in. with 


A stainless steel plate is placed 


filled to a depth 
water. 


in the bottom of the pan and a simple 
clamp arrangement is used to fasten 
the cell to the plate during the analysis 


see Figure 3 


Calibration of Apparatus for 
Determination of Oxygen 


The dropping mercury electrode is 
calibrated daily. To do this, use may 
be made of Figure 4, which contains 
data for the concentration of oxygen 
(corrected to 760 mm. pressure) in an 
air-saturated, 1 per cent potassium 
chloride solution plotted against the 
These 
values were determined by means of 
the Winkler method and were then cor- 
rected to a pressure of 760 mm. 


temperature of saturation. 


The actual calibration procedure is 
Saturate a solution of 10.0 
ir of potassium chloride in ] a 


as follows 
of re 
cently boiled and cooled distilled wa- 
ter by passing a rapid stream of clean 
air through it for 15 min. Adjust the 
dropping rate of mereury from the 
capillary to a value of approximately 
3 see. per drop, as measured in 1 per 
The 
critical, but the 
mereury 


cent potassium chloride solution. 
exact value is not 
height of the 
marked and the mercury leveling bulb 


eolumn is 


is left in this position during a sub- 
determina- 


series of de- 


actual 
during a 


series of 
Also, 
terminations check the dropping rate 
the day to be 
certain that the capillary has not be- 
fouled in any way. Record t¢,, the 
temperature of the saturated 1 per 
cent potassium chloride solution within 

0.1° C, at the time 
Read the 
this temperature at 760 mm. pressure 
from Figure 4. At the same time re- 
cord the actual barometric pressure, p. 
At least 3 portions of the air-saturated 
solution should be 
taken for the calibration of the instru- 


seque nt 
tions. 


times during 


several 


come 


of saturation. 
oxygen concentration, S, at 


potassium chloride 
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PPM OXYGEN AT 760mm PRESSURE 


FIGURE 4.—Concentration of oxygen at 760-mm. pressure in air-saturated 1 per cent 
KCI solution. 


ment, and the average value used. 
Siphon sufficient of the 1 per cent po- 
tassium chloride solution into the bot- 
tom of the electrolysis cell to displace a 
volume of solution equal to several 
times the volume of the cell. Place 
the cell in the pan of water directly 
below the dropping mercury electrode. 
The bath should be at or slightly below 
room temperature. Lower the capillary 
into the cell so that the tip of the capil- 
lary is about 1% in. below the surface 
of the solution. Tap the capillary 
gently in order to dislodge any small 


air bubbles which may have been 
trapped on its under surface. 

Record the average galvanometer de- 
flection at a setting of — 0.30 v. and a 
galvanometer sensitivity of 2x. Im- 
mediately after taking the galvanom- 
eter reading, place a thermometer in 
the cell and record t, the temperature 
(+0.1° C.) of the solution. Pass a 
rapid stream of nitrogen from a com- 
mercial cylinder of water-pumped ni- 
trogen gas through the solution in the 
cell for 10 min. and again obtain the 
reading at — 0.30 v. Subtract this 
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obtained 


net 


the 
obtain 


reading 
A, the 
current, 


reading from 


originally to wave 
diffusion which is 
the 


oxygen in the sample 


height or 


proportional to concentration of 


Caleulate the calibration factor, F, 
which is equal to p.p.m. of oxygen per 
valvanometer deflection unit, as fol 


lows: 


1. Correet diffusion 
current with change in temperature by 
correcting the 


for change in 


net galvanometer read 
ing A, at the observed temperature, f,, 
to the corresponding reading, DPD, at 


20° C. by the formula 


D = 0.014 A (20 —t,) + A 


Note that if ¢t, 
the correction will be negative 
factor 0.014 is involved 
oxygen diffusion current 
for each 1° C 
temperature from 20° C, 


is greater than 20 

The 
the 
1.4 


variation in 


hbeeause 
changes 


per cent 


2. Correct the oxygen content of 
standard from pressure of 760 mm. of 
] 
| 
70 + + + + + + + 
65} + + + + t + 
| | | 
+ + + t + 
50} 4 + + + 2 
| 
| | Lot 
4 i | 
| } | | 
225) + + + + + + 
| | 
| 
| | 
15} + + + + + { t + t 
| | 
| 
§ + + + + 
| 
of 
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mercury to a pressure of p mm. of 
mercury by letting S’ be the solubility 
of oxygen at saturation in a 1 per cent 
potassium chloride solution at a tem- 
perature of ft, and a barometric pres- 
sure of pmm. of mereury. Then 


760 

3. The F, in 
p.p.m, of oxygen per galvanometer de- 
flection unit, is 


calibration factor, 


Analysis of Water Samples 


Water samples are obtained in 300- 
Winkler bottles, which are to be 
brought to the laboratory in a pail of 


mil 


water at a temperature no higher than 
that at 
tained. Remove the stoppers from the 
bottles and add 3.0 g. of 


which the samples were ob- 


a good grade 


of potassium chloride to each bottle. 
+ + + +4 + 4 
| | 
| 
+ + + + + + + + + | 
| 
| | 
| | 
+ > + + + 
| | | | 
+ + + + + 4 
+ + + + + + + + + +——— - 
| | | | 
+ + 4 + + 4 — 
} 
| | 
+ + + + + + —— 
| | | | 
+ t t t +-—__ 
+ + + } 
| | | | 
| | 
12 14 16 18 2.0 
CALOMEL ELECTRODE 


FIGURE 5.—Polarogram of 1 per cent KCl solution saturated with air. 
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Stopper immediately and shake well to 
dissolve the potassium chloride. Siphon 
the samples as described under ealibra- 
tion of the apparatus for determination 
of oxygen, and carry out the polaro- 
graphic analysis as described there. 
The bath in which the cells are placed 
is maintained at a temperature equal 
to, or not lower than 3° below, the 
temperature of the sample. Use a 
polarograph sensitivity of 2x for con- 
centrations of oxygen greater than 4 
p.p.m., and a sensitivity of Ix for con- 
centrations smaller than 4 p.p.m. 


Factors Affecting Determination 
Voltage 


The selection of the proper voltage 
at which to measure the diffusion eur- 
rent due to the reduction of a par- 
ticular ion or molecule is usually based 
on a study of the polarograms obtained 
at different pH values and on the rela- 
tive reduction potentials of the re- 
ducible compounds likely to be present. 
The polarographic reduction of oxygen 
takes place in two steps, yielding two 
well-defined waves. The half-wave po- 
tential of the first wave has been found 
to be practically independent of 
changes in the pH of the medium. This 
is in accordance with data reported 
by Kolthoff and Miller (7), which show 
that the half-wave potential of the first 
wave is practically constant at — 0.05 
v. vs. the saturated calomel electrode 
and is independent of changes in the 
pH. of the medium in ordinary buffer 
solutions at pH values of 1 to 10. In 
an aqueous medium containing 1 per 
cent of potassium chloride, the limiting 
current for the first oxygen wave is 
measured at a potential of — 0.30 y, vs. 
the saturated calomel electrode 
Figure 5). 


(see 


Ele ctrolyte 


The choice of a suitable medium 
for the polarographie determination of 
oxygen is based on two requirements; 
first, to supply sufficient electrolyte to 
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reduce the resistance of the cell to a 
negligible value and thus prevent ap- 
parent changes in the half-wave po- 
tential, as well as to permit the current 
which is to be measured to be con- 
trolled by the rate of diffusion rather 
than by an electrical force; and sec- 
ond, to eliminate the objectionable 
maximum which is characteristic of 
the oxygen wave. Moore, Morris, and 
Okun (2) described a method wherein 
dextrose broth was used to suppress 
the oxygen maximum. The resistance 
of the solution was sufficiently great so 
that changes in the potential drop with 
changes in oxygen concentration caused 
apparent changes in the half-wave po- 
tential and the potential at which the 
limiting current could be measured. 

A study of the use of potassium 
chloride as a maximum suppressor re- 
vealed that when the concentration is 
greater than 0.7 per cent, the oxygen 
maximum is completely eliminated. 
The same behavior was observed for 
buffers of ammonium acetate, sodium 
bicarbonate, and sedium borate, re- 
spectively, where a ) per cent concen- 
tration of the electrolyte is present. 
The use of a 1 per cent potassium chlo- 
ride solution as electrolyte permits the 
determination of the oxygen diffusion 
current in samples containing a reason- 
able concentration of electrolyte. Po- 
tassium chloride is introduced into the 
300-ml. Winkler bottle by adding 3.0 
+ 0.1 g¢. of a good grade of potassium 
chloride. The solid potassium chloride 
rather than a solution is used since the 
bottle is full of sample and addition of 
a significant volume of solution would 
present obvious difficulties. 


Temperature Coefficient 


The coefficient for the change in dif- 
fusion current with temperature has 
been reported (2) as 1.6 per cent per 
C. referred to 20° C. This value was 
obtained for the first oxygen wave in 
water containing no added electrolyte. 
Determination of the coefficient using 
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a 1 per cent potassium chloride solution 


in the 
30° 
per cent referred to 20° C. 


temperature range of 10° to 
, gives values of 1.40 and 1.45 
The differ 
ence between this value of the coeffi 
cient and that previously reported is 
ascribed to the difference in composi- 
tion of the solutions. 


Precision and Accuracy 


Moore, Morris, and Okun (2 
that the precision of the polarographic 
method for dissolved oxygen varied 
from * 0.03 p.p.m. below 5 p.p.m. to 
+ 0.25 p.p.m. above 25 p.p.m. It is not 
indicated whether data 
sent mean deviations or standard devi 


state 


these repre- 


ations. The precision of the method 
deseribed in this paper was determined, 
using five separate solutions contain 
ing oxygen at different concentration 
levels. Of each solution, four separate 
portions were analyzed. A summary 
of these data is given in Table I, in 
which the standard deviation is caleu 
lated from 


Standard deviation | 
\ 


in which n is the number of values, 
X, is the value of a single oxygen de 
termination, and X is the average of 
n such values, 

Data given by Moore, Morris, and 
Okun (2) and by Ingols (3) show that 
in the analysis of domestie sewage, the 
modification of the 
Winkler method yields lower values 


most appropriate 


TABLE I.—-Precision of Polarographic Method 
for Determination of Dissolved Oxygen 


Dissolved Oxygen (p.p.t 
Standa 
De 
Sarnple| Sample; Sample; Sample) Aver p.n 
| 2 3 ‘ ne 
1 (12.9 |12.8 | 13.0 | 13.0 (12.9 | 0.096 
2 | 8.19) 8.17) 7.98) 8.05) 8.10; 0.11 
3 1.22; 1.24] 1.27; 1.22) 1.24} 0.024 
4 0.61) 0.61 0.59 0.62) 0.61) 0.012 
5 0.13 0.11) 0.13) 0.10 0.12) 0.014 
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for dissolved oxygen than does the 
polarographic method. an_ inde- 
pendent method of known accuracy is 
not available, an of the 
accuracy of the two methods must be 
based on the known limitations of the 
methods in the presence of the most 
probable impurities. 


evaluation 


Because of the 
probable presence of interfering con- 
stituents (such as polythionates, and 
in the past, thiosulfates) in Caleo 
effluent, the values obtained by the 
hypochlorite modification of the Wink- 
ler method were not believed to be re- 
liable. Such substances would not be 
expected to introduce errors into the 
polarographie method, particularly by 
deseribed. Actually, 
the addition of 158 p.p.m. of sodium 
thiosulfate was found to have no meas- 
urable effect on the diffusion current 
of oxygen in an air-saturated 1 per 
cent potassium chloride solution. Sul- 


the technique 


fite effectively removes dissolved oxy- 
gen, and in the presence of excess 
sulfite a zero value is found for oxy- 
gen. Determination of oxygen by the 
polarographic procedure described is 
subject to interference by sulfide, 
eyanide, and free chlorine. None of 
these compounds was expected in the 
Caleo effluent; therefore, no steps were 
taken to remove or eliminate interfer- 
from these compounds. It is 
possible that interference due to sul- 
fide and eyanide, if present, could be 
eliminated by the addition of a soluble 
zine salt that would precipitate sulfide 


ence 


and form the non-reducible zine eya- 
nide complex. The extent of interfer- 
ence of dissolved chlorine is not known. 
Table IT) was made 
of the alkaline hypochlorite modifiea- 
tion of the Winkler method and the 
polarographic method in the determi- 
nation of dissolved oxygen in Raritan 
River water and of mixtures of this 
water with Calco effluent. The pur- 
pose of this comparison was to show 
whether significant differences would 


A comparison 


be found between the values by the 
two methods, and if differences were 
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TABLE II.—Comparison of Polarographic Method and Hypochlorite Modification of Winkler 
Method for the Determination of Dissolved Oxygen in River Water 
Containing Calco Effluent 


Dissolved Oxygen (p.p.m 


_—_ River Water 1 pt. Eff. +10 pt. River 1 pt. Efi. +30 pt. River 
Modified Polaro- | .| Modified | Polaro- | Viffere Modified Polaro- > 
1 7.6 74 | -0.4 | 6.0 66 | +15 | 62 | 66 +1.0 
2 | 60 63 | +08 | 4.1 46 | +19 57 | 62 +14 
3 | 40 5.8 +6.0 | 33 4.6 +53 | 34 | 5.7 +8.2 
5 | 70 | 69 | -02) 64 | 60 | —10 68 | 6.7 —0.2 
1 | 68 | zz | +20| 63 | zo | +17 | 68 | 77 | +20 
2 | 86 83 | -05 | 82 | 80 | -04 | 83 | 81 ~04 
3 | 72 83 | +23 | 68 | 76 | +18 | 6.5 | 68 +0.7 
4 | 66 | 69 | +07] 38 | 39 | +04 | 39 | 42 +1.2 
5 | 65 | 63 | -05 | 46 | 47 | 403 | 45 | 62 | +52 
64 | -07 | 70 | 65 | —12 i +18 
2 bo 69 | —05 69 | 7.0 +0.2 6.5 ss. | 6 
73° | -0O2| 74 | 74 0 6.7 67 | 
9 | 75 75 | O | 77 | 80 | +06 | 
10 4.2 4.1 —0.4 58 | 5&7 | -03 4.0 41 | +04 


found, to determine if they were variation are calculated by 
random in nature or predominantly 
positive or negative. As a test for the 
significance of differences between x 
single polarographic and modified jin which ¥ is the average of the indi- 
Winkler values, the difference, ex- vidual values. The standard devia- 
pressed as per cent of the average tion for the polarographic method 
value, was divided by 6.2, which rep- (corrected as described below) was 
resents the per cent difference that calculated from the uncorrected aver- 
corresponds to a probability level of age standard deviations found (Table 
95.4 per cent (twice the standard devi- 1) for oxygen concentrations of 8.10 
ation of the difference, corrected as and 1.24 p.p.m. These values were se- 
described below). Values greater lected because the absolute precision 
than unity indicate differences signifi- of the method varies with the conecen- 
cant at the 95.4 per cent level of prob- tration of oxygen, and the oxygen con- 
ability. The 6.2 value is caleulated centration found in the 


corrected standard deviation 


samples 
from analyzed falls within this range. The 
poromoornwenmrnemecenensemersen standard deviation of the hypochlorite 

= (Crp)? + (Cou)* modification of the Winkler method 

in which 0,., represents the per cent was calculated from data on three 
difference significant at the 95.4 per samples, for two of which four values 
cent level of probability, Cv, is the co- were obtained, and for the third, two 
efficient of variation of the polaro- values. An average standard devia- 
graphic method, and Cvy is the coeffi- tion of + 0.14 p.p.m. (uncorreeted) 
cient of variation of the modified was found. The standard deviations 
Winkler method. The coefficients of were corrected by means of a factor 


P-W 
100] /6.2. 
(P+ W)/2 
\ 
Sel 


AS.T.M. ‘‘Manual on 
Data’’ (8). 

Mixtures of two ratios of effluent to 
river water were prepared. 


given in the 
Presentation of 


The mix- 
tures, as well as the reference sample 
of river water, were kept under condi- 
tions roughly simulating those ex 
pected in the river, and were analyzed 
over a period of 5 and 10 days, respec- 
tively, for two series of analyses 

The alkaline-hypochlorite modifica 
tion of the Winkler method gene rally 
ielded 


oxygen, 


lower values for dissolved 
with the largest discrepancy 
eceurring on about the third day. The 
values listed in Cols. 4, 7, and 10 of 
Table Il show that differences signifi 
cant at the 95.4 per cent probability 
level occurred in 17 comparisons, and 
of these the polarographic values were 
higher in 15 of the 17 instances. Dif- 
sivnificant at the 99.7 per 
cent probability level (three times the 
standard deviation of the difference, 
corrected as 
found in 12 
showed 


ferences 


described above ) were 
comparisons, all of which 
the polarographic valnes to 
he higher. As was the case in the 
work of Moore, Morris, and Okun (2) 
and Ingols (3) with sewage, a lack of 
independent knowledge of the actual 
oxygen content of the samples makes 
statement of the 
parative accuracy of the values by the 
two methods impossible, but the known 
limitations of the modified Winkler 
method would lead one to expect low 
with the com 

Incidentally, 
ty Cols. 2 and 3 of Table Il 
that the river 
tained oxygen-consuming matter even 
before the introduction of the Calco 
effluent 

Because of the facts brought out in 


a categorical com- 


values, in agreement 
parisons just discussed 
reference 


indicates water con 


the preceding discussion, the polaro- 
graphie method for the determination 
of dissolved oxygen 1s suggested as a 
basically more accurate means of de- 
termining dissolved oxygen in water 
samples. When the impurities, both 
mineral and organic, are not known 


exactly, the most suitable modification 
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of the Winkler method is difficult to 
select. and at best may lead to inaceu- 
rate values. Furthermore, the polaro- 
graphic method ts standardized against 
oxygen obtained by the un- 
modified Winkler method in solutions 
where the latter is known to give accu- 


values 


rate values. Accordingly, the polaro- 
graphic method should have no syste- 
matic errors, assuming the absence of 


interfering impurities. 


Summary 


A polarographic method is described 
for the determination of dissolved oxy- 
gen in 
effluent. 
essential 


containing industrial 
The method differs in some 
points from polarographic 
methods previously published for the 
determination of dissolved oxygen in 


water 


water containing sewage. 

Data are presented which show that 
the polarographic method y ields higher 
values for dissolved oxygen than the 
hypochlorite modifieation of the Wink- 
ler method in the presence of indus- 
trial effluent. This conclusion is in 
agreement with published data ob- 
tained on sewage. 
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WATER POLLUTION CONTROL SOURCE MATERIAL GUIDE 


A ‘‘Guide to Source Material on 
Water Pollution Control,’’ recently 
published by the Division of Water 
Pollution Control, Public Health Serv- 
offers valuable information on 
sources of material that will be of as- 
sistance to state, interstate, and local 
agencies in carrying out their pro- 
grams, 

The pamphlet is not intended to be 
a bibliography, but contains source in- 
formation on illustrative and general 
material on the subject of water pollu- 
tion abatement and prevention. See- 
tions of the pamphlet list the state and 


1¢€e, 


interstate pollution control agencies 
designated under the Water Pollution 
Control Act, films available for show- 
ing, and literature references to finane- 
ing, economic factors and policy, in- 
dustrial wastes, domestic wastes, laws 
and regulations, papers and discus- 
sions, stream pollution investigations, 
water use and standards, public health 
aspects, and general. 

Copies of the **Guide,’’ as well as of 
the material listed, may be obtained 
upon request from the Division of Wa- 
ter Pollution Control, Publie Health 
Service, Washington 25, D. C. 
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AUTOMATIC SAMPLER FOR CERTAIN 


INDUSTRIAL 


WASTES 


By Huspert 8S 


Coordinator, Industrial Waste 


Control Committecs, Frigidaire 


KLINE 


Division, 


General Motors Corp., Dayton, Ohio 


Frigidaire Division has three plants 
located in or near Dayton, Ohio. Plant 
One is located in the city and dis- 
industrial the 
local sanitary sewer, which ultimately 


charges its wastes to 
empties into the Dayton sewage treat- 
plant plant. Plants Two and Three 
are located at Moraine City, Ohio, ap 
proximately 6 mi. south of Dayton 
The industrial wastes from the last two 
plants are separated from sanitary 
vastes, and are discharged into a com 
pany owned storm sewer, which runs 
between the two plants and discharges 
into a ditch leading to the Great Miami 
are collected 
the Mont 


treatment 


River wastes 
and treated separately in 


County 


Sanitary 
gomery sewage 
plant 
Early in 1947, the management of 
Frigidaire decided that studies should 
be made of the flowing 
charges in the storm sewer at Moraine 
City to determine if the waste would 
be harmful to life and what 
steps would be necessary for treatment 


waste dis- 


stream 


of the wastes should these findings in- 
dicate the need. Plans were made for 
a sewer sampling station to be located 
over a manhole on the 7-ft. diameter 
storm sewer approximately 14 mi. be 
low the plants. The sewer at this point 
is approximately 15 ft. below ground 
level At this 
wastes would have adequate mixing to 
The 


is approximately 4% mi 


location, storm sewer 
assure representative sampling. 
site 


chose n 
from the end of the storm sewer, which 


discharges into the Frigidaire Ditch, 
extending approximately 400 yd. to the 
east shore line of the Great Miami 
River. 
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The company’s Industrial Waste 
Control Committees decided at the be 
vinning of their studies that the wastes 
would be treated by what they called 
‘‘eontrolled dilution.’’ Normal flow of 
waste water in the sewer is approxi- 
mately 6,000 g.p.m. This includes cool- 
rinse from many 
the numerous 
drinking fountains, and storm waters 
from the factory roofs, streets, and the 
village of Moraine City. With proper 
regulation of trade discharges 
according to written orders of a cen- 


ing water, waters 


outlets of 


processes, 


waste 


tral control laboratory, it was reasoned 
that the toxicity of the 
could be properly regulated to prevent 
harmful effects on the river waters. 
Therefore, equipment was purchased to 
automatically measure flow, record pH 


storm waste 


readings continuously, and sample the 
flowing wastes in the sewer. 

On July 10, 1947, collection of sam- 
ples of the flowing waste was begun, 
using a pump to sample the sewage in 
proportion to the flow. The original 
pump, used approximately 1 yr., was 
frequently a source of trouble due to 
plugging of the diaphragm, valve jets, 
or line check valves. This pump was 
replaced by two or three other small 
pumps, which similar 
difficulties. The trouble usually re- 
sulted during storm flow periods, when 
debris from lawns and streets was car- 
ried into the sewer, resulting in stop- 


gave rise to 


page of the pump in the absence of the 
attendant. Several pumps were badly 
damaged for these reasons. In 1949, 
the Industrial Waste Control Commit- 
tees decided that a radical change must 


be made in the sampling technique. 
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FIGURE 1.—Sampling chamber assem- 
bly showing neoprene valve designed to 
close even if small twigs, etc., become 
caught in 1-in. inlet hole. 


Accordingly, two Manufacturing Proe- 
ess Department engineers were as- 
signed to the task of developing a new 
automatic sampler. These men, L. V. 
Myers and R. E. Gephart, are the eo- 
inventors of the automatic sampler de- 
scribed herein in detail. 


Sampler Design 


The use of compressed air, supplied 
by a small compressor, was suggested 
for lifting a charge of the waste from 
the sewer. Inasmuch as compressed air 
could not oxidize or otherwise affect the 
waste analyses, the suggestion was ap- 
proved and a unique sampler was in- 
vented. <A 3-in. diameter sampling 
chamber (Figure 1) was constructed 
from a piece of pipe to have a c¢a- 
pacity of 30 fluid ounces and equipped 
with a l-in. inlet at the bottom. The 
inlet is covered with a thin neoprene 
rubber valve, reinforced by a meta 
dise; the chamber is provided with a 
14-in. air supply line and a -in. 
sampling line leading to an air eylinder 
measuring cup. When the electrically 


FIGURE 2.—Turntable of sampler re- 
moved to show recessed outlet, measuring 
cup at right, and motor and reducer for 


turntable at left. 


AUTOMATIC SAMPLER 


FIGURE 3.—Front view of sampler, 
showing arrangement of 28 2-qt. sample 
bottles in base. 


timed air pressure system is cut in at 
10-min. intervals, the compressed air 
forces the rubber valve shut, causing 
the entire 30 oz. of waste to be forced 
up the sample line to the measuring 
cup. The measuring cup, approxi- 
mately 4 in. in diameter, is equipped 
with an air cylinder, which is closed 
when the air pressure system is operat- 
ing. A standpipe inside the eup is 
set at an elevation to retain 10 fluid 
ounces of the charge and allows the 


FIGURE 4.—Rear view of sampler, 
showing piping arrangement to individual 
bottles and micro-limit switch for controlled 
rotation of turntable. 
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remainder to be drained through an 
overflow line to the sewer. 

The compressed air system shuts off 
after 1 min. of operation and the air 
eylinder and valve are released, allow- 
ing the sample to drain into a trough 
on a circular turntable. At the same 
time, a new grab sample is collected 
from the sewer. The sample flows to a 
recessed outlet (Figure 2) and drops 
into one of the 28 catch basins arranged 
in a cirele beneath the turntable 


July, 1950 


trough. Each basin is connected by a 
separate piece of %<-in. copper tubing 
to one of 28 2-qt. Mason bottles ar- 
ranged in double rows on two shelves 
below the sampler (Figures 3 and 4). 
After 6 10-min. samples, consisting of 
10 oz. each. have been discharged into 
the bottle, the turntable automatically 
indexes to the next catch basin and 
another l-hr. composite is collected. 
The designers thoughtfully provided 
4 extra bottles in the layout to permit 


FIGURE 5.—Sewage sampler installation, showing (left to right) time relay for turn- 
table control; automatic electric timer for operating compressed air system, with 6-notched 
dial for 10-min, sampling cycle and 1-notched dial for starting turntable rotation once each 
hour; main switch for sampler; heating switch for sampling station; and main power 


switch for station. 


i] 
3 
(2 
¢ 
; 
= 
| 
; 
: 


Vol. 22, No. 7 


avTomaTic wre CO 


AUTOMATIC SAMPLER 


‘ 
® 


— 


r 
+ 
> 7 | 
ALL 
PULL #30 PRESS 
| 
NOTE switce To of 
TO OL SET FoR DT SEC 
L ME “A” TO OL BET 
/ 
waive NA | 
nee 
30 OAL WATER 
3/92 DLA. MECTRICTOR 
WEASUR 
ms CUP 
1 


FIGURE 6.—Wiring and plumbing diagrams for sewer sampling system. 


the attendant to arrive at least 4 hr. 
late and not miss the 24-hr. sampling 
Controls for the samples are 
shown in Figure 5, and the wiring and 
plumbing diagrams in Figure 6. 

The sewer flow rate is sufficiently 
constant so that composite samples can 
be made from equal volume of the 24 
hourly composite bottles. If storm 
flows affect the volume relationship of 
each hourly composite, the chemist can 
quickly estimate the differential from 
the flow chart in the station and make 
the composite in proportion to flow. 


evele. 


Operation 


The automatic sampler was started 
August 25, 1949. In the first 9 months 


of operation the instrument failed once 
(Jan. 5, 1950) when a set screw on the 
motor coupling to the turntable came 
loose, causing a failure in the rotating 
mechanism, and a second time (Feb. 
26) when the air compressor switch 
burned out. Repairs were made 
quickly in each case. Copper distri- 
butor lines were cleaned out after 4 
months use. The sampler, built for a 
cost slightly less than $200, not in- 
cluding labor charges, seems to be 
reliable, efficient, and easy to main- 
tain. It should be noted, however, that 


this sampling device may not be ap- 
plicable where the samples are to be 
used for the determination of dissolved 
oxygen or B.O.D. 
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Stream Pollution 


BIOLOGICAL MEASURE OF STREAM CONDITIONS 


By Rr 

Curator of I 

In the spring of 1948 the Sanitary 
Water Board of the Commonwealth of 
Pennsylvania asked the Academy of 
Natural Philadelphia to 
conduct a biological survey. The pur- 
pose of this survey was to see if the or 


Sciences of 


ganisms living in a stream could serve 
as indices of stream conditions, partic 
ularly as related to sanitary and indus 
trial wastes. 

The Conestoga Basin was chosen for 
study (Figure A). It is particularly 
well suited for such a project because 
it consists of small, as well as inter- 
mediate size, Therefore, in 
most cases the stream could be waded 
and the 
studied 


streams. 


bottom conditions carefully 
As the shallow water forms 
are the most important food sources in 
the biodynamie eycle of a 
whether it 


stream, 
is large or small, it was be 
lieved that streams of this type would 
be the best ones on which to first con- 


duct the studies. The conclusions 
reached from these studies will be 
further tested on large streams. This 
stream basin also afforded conditions 


representing different degrees of pol 
lution, as industrial and 
wastes entered into the streams of the 
system at points. On the 
other hand, certain streams, except for 
free of 
tary and industrial pollution. 
The Conestoga 


sanitary 
Various 


farmhouse wastes, were sani- 


Basin bed-rock is 
and shale. The 


streams 


com pose d of limestone 
the 


are 


gradients of near their 
but 


Occasionally ther 


headwaters 
flatten 


are sudden drops 


relatively 


steep, 
soon out 


The topography of 


mnology, Academy of 


rH Patrick 


Natural Se 


ences of Philadelphia, Pa. 
the land is rolling. Laneaster County 
farmed, so that the 
stream margins are largely bordered 
by pastures and cultivated fields. Due 
to erosion of the clay soils, the larger 
streams of the 
turbid, and the 
trophic type. 


is intensively 


system are usually 


waters are of a eu- 


The Biodynamic Cycle 


It is a well-known fact that in a nor- 
mal stream there is a_ biodynamic 
eyele, which results in a balance of 
plant and animal life. The biody- 
namie cycle is a graphic expression of 
the interdependence of various groups 
of organisms on each other. For ex- 
ample, detritus, which is composed of 
proteins and cellulose, enters a stream. 
The bacteria act on the proteins and 
break them down to simple compounds, 
They 
also oxidize the sulfur compounds to 


such as nitrates and ammonium. 


sulfates, which are utilized by green 
plants. The fungi break down the 
cellulose compounds to simpler carbo- 
hydrates, which are utilized by vari- 
ous heterotrophie organisms. 

The algae, by photosynthesis, build 
up carbohydrates and free oxygen, 
which in turn is utilized by all organ- 
isms in respiration. They are also a 
The 
main function of the various groups 
of animals is to keep the fungi, bae- 
teria, algae, and 
check, the 


smaller. 


source of food for many animals. 


Various animals in 
larger ones feeding on the 
Some of the animals act as 
and the debris 
Thus, all are necessary in maintaining 


scavengers 


clean up 


on 
26 
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a balance of life and energy relation- 
ships in a stream. 

The effect of sanitary and industrial 
pollution is to alter this cycle. If the 
pollution is not excessive, organisms of 
this biodynamic cycle can assimilate 
it. That is, although at the point of 
entrance of the pollution the biody- 
namie cyele may be upset, farther 


downstream the normal cycle is re- 


SHOWING LOCATIONS OF SAMPLING STATIONS 
( JUNE AUGUST 1948) 


-STREAM SURVEY- 
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to astream. The most common method 
is to determine for industrial effluents 
the B.O.D., and for sanitary wastes the 
B.O.D. and coliform count. These 
tests are valuable in measuring the 
oxygen consumption of an effluent and 
detecting the presence of sanitary 
wastes. They do not show the toxic 
effect of a given effluent. Moreover, 
although these tests are useful in com- 


EXPLANATION 


* Drainage vine 


FIGURE A. 


stored. 


This is referred to as the re- 
covery or rejuvenation of a stream. 
Therefore, an effluent entering a stream 
should be allowed to upset the cycle 
only temporarily, if at all. 


Measures of Pollution 


Several different methods of ap- 
proach have been used to ascertain 
whether or not an effluent is harmful 


paring various effluents to each other, 
they do not foretell the actual effect in 
a stream. This is because the physi- 
cal, chemical, and environmental char- 
acteristics in a stream are so variable 
that they cannot be reduced to a con- 
stant. Therefore, such tests made on 
an effluent before it enters a stream 
cannot accurately predict the effects 
of that effluent in a given stream. 
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Chemical and physical tests are also 
used to ascertain stream conditions 
Usually included are tests for hard- 
ness, alkalinity, pl, ealcium, mag- 
nesium, sodium, potassium, ammonium, 
nitrite, nitrate, silicates, Iron, sulfates, 
phosphate, chlorides, dissolved oxy- 
ven, free carbon dioxide, temperature, 
turbidity, suspended solids, and total 
conductivity Such tests are of value 
in giving the general characteristics 
of a stream, but they do not indicate 
whether or not the plant and animal 
life is balanced. There are several 
reasons for this First, the chemical 
analysis only shows the conditions at 
the time the analysis was made. For 
instance, Station 108 on Lititz Spring 
Run (Figure 22) was the most polluted 
station studied Practically all the 
plant and animal life had been killed 
Hiowever, from the chemical analysis 
of the water, which was made in July 
when the industries had a vacation 
period, and likewise from the analysis 
made in the fall, the only indication of 
pollution was @ fairly high CO, con- 
tent (6.6 p.p.m. in July; 15 p.p.m. in 
October This content could hardly 
be considered indicative of pollution, 
as the station is within 4 mile of the 
source, Which is a large limestone 
spring. The analysis made in August 
did show pollution, as the nitrates 
were high (4.39 p.p.m.), but they did 
not indicate the very toxie eondition 
that existed. To have ascertained 
this polluted condition by chemical 
means, unless the toxie substance in 
the effluent could have been found out 
by other methods, would have meant 
considerable testing, perhaps over an 
extended period of time 


Biological Tolerances 


Another reason why the usual chem 
ical tests do not always indicate the 
conditions of the biodynamic eyele in 
a stream, is that the tolerance limits of 
normal biodynamte evele organisms to 
various chemicals are not known 
Ellis (1) and others have indicated, 
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for some of these chemicals, concen- 
trations found to be indicative of con- 
ditions undesirable for fish life. As 
to dissolved oxygen, Ellis (1) states, 
“5 p.p.m. of dissolved oxygen seems 
to be the lowest value which may rea- 
sonably be expected to maintain in 
good condition varied fish faunae of 
warm-water fishes in our inland 
streams if the water temperature be 
99°C, or above.”’ The tentative stand- 
ards of the State of West Virginia 
classify streams as follows : 


Grade B-—which would be a stream 
with some pollution. 
Dissolved oxygen: Monthly aver- 
age, over 4 p.p.M™.; daily mini- 
mum, 3 p.p.m. B.0.D.—monthly 
average, not over 6 p.p.m.; daily 
maximum, not over 7 p.p.m. 
Grade A-—which is an unpolluted 
streain. 
Dissolved oxygen: Monthly aver- 
age, over 6 p.p.m.; daily mini- 
mum, 5 p.p.m. B.O D.—monthly 
average, not over 2.9 p.p.M. ; daily 
maximum, 3.5 p.p-m. 


As to pH, Ellis (1) states that a pH 
from 6.5 to 8.5 is to be expected in 
most fresh-water streams. The spe- 
eifie conductivity of streams support- 
ing a well-developed fish fauna was be- 
tween 150 and 500 mho x 10° at 25 
According to an inspection of the 
literature, nitrates in a healthy stream 
in the Eastern United States should 
not be over 2 p.p.m. As to free car- 
bon dioxide, amounts In excess of 3 ce. 
per 1. (6 p.p-m.) is indicative of pol- 
lution in flowing inland streams (1). 


Conestoga Basin Conditions 

The stations studied were analyzed 
according to these criteria. Of the 24 
stations which were found from the 
biological analysis to be more or less 
polluted, 6 Nos. 13, 80, 89, 132, 134, 
and 138) showed no signs of pollution 
from the chemical analysis except that 
the CO, content was somewhat high. 
Two of these stations showed no signs 
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of pollution from a chemical analysis 
(Nos. 89 and 109). All of the stations 
studied in the Lititz Run series, except 
No. 96, were ‘‘polluted’’ to ‘‘very pol- 
luted’’ according to the biological 
analysis. Lititz Run has its source in a 
large limestone spring, and as a result 
would be expected to have water 
high in CO, content. These stations 
were surveyed two or three times. 
Three (Nos. 106, 108, and 110) at two 
of the three times they were surveyed 
showed no signs of pollution, except 
that the CO, content was high. One 
(No. 122) showed no signs of pollution, 
except for the CO, content, one of the 
three times it was surveyed. No. 104 
showed no signs of pollution, other 
than high CO,, one of the two times it 
was surveyed. On the other hand, 
four stations on other streams, which 
supported healthy floras and faunas, 
had a high CO, content. 

As to total conductivity, the highest 
amount found was 572 x 10° mho. 
The most polluted station studied (No. 
108) had a total conductivity of 528 
x 10° and 478 x 10° mho in the two 
analyses made. 

The pH values of all stations were 
within the range that Ellis believes to 
be satisfactory for a healthy station. 

As to B.O.D., ten of the surveys of 
stations that showed an upset condi- 
tion from the biological analysis did 
not indicate such a situation from 
their B.O.D. Five biologically healthy 
stations had a high B.O.D. (Nos. 28, 
63, 135, 136, and 153). Indeed, one 
station (No. 136) had a B.O.D. of 
11.55 p.p.m. which was one of the high- 
est values found 

As a result of the work on the Cones- 
toga, it became evident that although 
the usual chemical analysis as de- 
scribed above affords many useful 
facts in indicating the general condi- 
tions of a stream, it can only be used 
as substantiating evidence in deter- 
mining the conditions of life in a 


stream. 


Approach to Biological Studies 


The problem was to see if the change 
in the total number of species of each 
taxonomic group could be used as a 
biological measure of stream condi- 
tions. To do this it was attempted to 
determine which of the stations on the 
Conestoga system were normal or 
healthy stations. This was  ascer- 
tained by examining the chemical, 
bacteriological, and biological data. 
Nine stations were found which, ac- 
cording to these criteria and ecological 
conditions, were typically healthy sta- 
tions. The averages of the number of 
species in each taxonomic group for 
these nine stations were used as a basis 
of this study. These taxonomic groups 
were then put into the following col- 
umns. The reason for grouping them 
in this manner is that the organisms of 
a given column were found to behave 
similarly under the same ecological 
conditions. To have kept all the taxo- 
nomic groups separate would have 
made far too intricate a histogram. 


Column I: The blue-green algae; 
Stigeoclonium, Spirogyra, and Tribo- 
nema, genera of green algae; and the 
bdelloid rotifers, plus Cephalodel- 
lamegalocephala and Proales decipiens. 

Column II: Oligochaetes, leeches, 
and pulmonate snails. 

Column III: Protozoa. 

Column IV: Diatoms, red algae, and 
most of the green algae. 

Column V: All rotifers not included 
in Col. I, plus clams, prosobranch 
snails, and tricladid worms. 

Column VI: All insects and crus- 
tacea. 

Column VII: All fish. 


As the best way to express these results 
seemed to be a histogram, the aver- 
age number of species for each column 
at the nine ‘‘healthy’’ stations was ob- 
tained and assumed to be 100 per cent. 


It will be noted that the bacteria are 
not included on the chart. The reason 
is that the number of species of bac- 
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teria present do not seem to vary with 
the presence or absence of pollution 
the kind of species do not 
This may be due to the fact 
of the 
bacteria is different from that of other 
The 
coli- 


Like Wise 
char 


that the basis of classification 


plants and animals. 
unt of and the 
‘count did vary in the 


groups of 
total 


form 


bacteria 
presence 
of pollution, particularly organic pol- 
lution. These facts have been used in 
the qualitative consideration of the sta- 
Tions 

The 


were then made 


the stations 
These 


ways to 


findings at all of 
into histograms. 
findings correspond in some 
the grouping of classes of Richardson 
but differ in that the basis 
of their groupings were conditions re 
sulting for the from the 
effect of Such 
ditions produce a zone, designated as 
or ‘‘the re- 


and others 
most part 


sanitary Wastes eon 


‘septic,’’ ‘polysaprobie’’ 
vion of active decomposition,’’ in which 
the B.O.D. is high 
oxygen 1S cle pleted due to decom posi 


and the dissolved 


tion. The conditions of pollution noted 
for the 
due to the toxic effluents ,from indus- 


in this study were most part 


There were some stations where 


active decomposition due to sanitary 


tries 


or industrial wastes oceurring 


such as No 


very 


was 
183A, July sampling 

high bacterial count was 
growth of 


when a 


found and luxurious 


Nphacrotilus covered the rocks. 

The stage designated as ‘‘semi- 
is not recognized in previous 
This is the 


condition in which deterioration is just 


classifications of streams 
starting or recovery is almost complete. 

is the most difficult to ree- 
ognize, but is characterized by an un- 
condition evidenced by the 
lopment of one species or by 


the great increase in species number 


of some groups while others are de- 
creasing 

Within each of these designated 
staves or zones there is a great deal 


of variation This is to be expected, 


for very divergent ecological condi 


AND INDUSTRIAL WASTES 


July, 1950 


that is, difference in size 
of streams (breadth variation from a 
few feet to over 100 ft.), rate of flow, 
time of sampling in relation to rain- 
fall, and the variation in pools which 
were suitable habitats for fish. Fur- 
will be needed to refine 
these patterns and to determine just 
what types of ecological variation are 


tions existed 


ther studies 


most important. The important consid- 
eration is the relative heights of the 
various columns to each other, rather 
than the absolute height of any one 
column. 

It will noted that some of 
the groups, such as semi-healthy and 


also be 


healthy, seem more or less to grade 
each other. Theoretically, this 
would be expected, for there exists a 


into 


continuous process on which an arbi- 
trary classification has been superim- 


posed. The continuous gradation is 
most clearly seen when a stream is 


being rejuvenated or brought back af- 
ter pollution. This type of gradation 
would have shown up clearly, particu- 
larly on Little Muddy Creek, had the 
sampling stations been closer together. 
It is in the classifying of such border- 
line stations that qualitative indicators 
become very useful. 

The the stations 
into the following groups: 


histograms of fell 

1. A ‘‘healthy’’ stream is one which 
has a balance of organisms or in which 
the biodynamic cycle is such that con- 
maintained which 
pable of supporting a great variety of 
The are mostly 

green algae, 


ditions are are ¢a- 


organisms. algae 
diatoms and such as 
Cladophora 
and the 
sented by 
There 


protozoa, 


crispata and glomerata, 


insects and fish are repre- 


a great variety of species. 
also numerous species of 
but coefficient of 


variation was large, they were not a 


are 


as their 


good group to use in defining a station. 
Columns I and If were found to vary 
greatly, depending on the ecological 
and the 
station. 


conditions degree of enrich- 


ment of a Thus, a healthy 
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station was found to be one in which 
Columns IV, VI, and VII were all 
above the 50 per cent level (see Fig- 
ures 

2.‘*Semi-healthy’’ is the condition in 
which the balance of life as described 
for a healthy station has been some- 
what disrupted, but not destroyed. 
Often, a given species will be repre- 
sented by a great number of individu- 
als. This condition is noted in the 
histograms by a double-width column. 
Something has happened which has de- 
stroyed the check on this species. Un- 
der other circumstances, conditions 
have altered so that a certain group 
will have a great many more species 
present than usually oecur, whereas 
other columns will be greatly de- 
pressed. Thus, the pattern is an ir- 
regular one. It may be defined as fol- 
lows 


a) Either or both Col. VI or VII 
below 50 per cent, and Col. I or 
It under 100 per cent. 

b) Either Col. VI or VII below 
50 per cent, and Col. I, IT, and 
IV 100 per cent or over, or Col. 
IV is a double-width column. 


3. ‘*Polluted’’ is the condition in 
which the balance of life found in a 
healthy station is upset. However, con- 
ditions are favorable for some groups 
of organisms, such as those represented 
in Col. land II. Sueh a condition may 
be defined as follows: 


a) If either or both of Col. VI and 
VII are absent, and Col. I and 
Il are 50 per cent or better. 

b) If Col. VI and VII are both 
present, but below 50 per cent, 
then Col. [ and IIT must be 100 
per cent or more. 


4. ‘Very polluted’? is a condition 
that is definitely toxie to plant and 
animal life. Often many groups are 
absent. It may be defined as follows: 


a) If Col. VI and VII are absent, 
and Col. IV is below 50 per cent. 


b) If Col. VI or VIL is present, but 
Col. I or IT is less than 50 per 
cent. 


5. Besides these four classes there was 
a group of stations which have been 
labeled ‘‘atypical”’ because they could 
not be compared, either due to gen- 
eral ecological conditions or to meth- 
ods of collection, to the healthy sta- 
tions used as a basis of the histograms. 
For example, the normal stations were 
in eutrophie conditions, so that stations 
in cool oligotrophic water could 
hardly be rated on the same basis. 
Likewise, a stream with steep, newly 
eroded banks would not be comparable 
with a normal stream with shallow 
water near the edges. Sometimes, 
local obstructions or accidents would 
prevent thorough collection and thus 
render a station uncomparable. Fur 
ther work will eliminate these differ- 
ences, for comparable bases will be 
worked out for various types of eco- 
logical conditions and collecting meth- 
ods will be perfected. 

Stations illustrating the 5 groupings 
are shown in the accompanying histo- 
grams (Figures 1 through 26). 


Biological Study Results 


It is interesting to compare the 
change in patterns of the following 
tvpes of streams from headwater to 
mouth: (1) A stream polluted only by 
sanitary wastes from farmyards and 
small towns; (2) a stream that re- 
ceives a large amount of sanitary 
wastes and industrial effluents but re- 
covers; and (3) a stream that never 
completely recovers after receiving in- 
dustrial effluents. 

A stream of the first type is Ham- 
mer Creek (Figures 1 to 6). The sta- 
tions were all sampled during the latter 
half of August. This stream is appar- 
ently free of industrial pollution, but 
receives the sanitary wastes of small 
towns and farms. The common prac- 
tice of the washing out agricultural 
spray tanks into the stream was prac- 
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HAMMER CREEK Sta. No.152 
Atypical Station Aug 19. 1948 
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‘ HAMMER CREEK Sta. No. 153 

Healthy Station Aug. 19, 1948 
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Fig 5 


ticed at bridges crossing the stream 
These sources of pollution may ac 
count for the irregular trends seen 
in the development of some groups of 
species. Most of the water of Hammer 


Fig 6 


Creek comes from springs found at 
Stations 152 and 153. Station 152 was 
in a farmyard, the stream at this point 
being a large, very cold spring arising 
out of limestone rock. It then flows 
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through a chicken yard; Station 153 is 
in a pasture. At Station 116 the tem- 
perature has risen from 11° to 15° C. 
As the sampling was done in August, 
this may well be the highest tempera- 
tures reached at these stations. Sta- 
tions 147, 146, and 28 represent warm 
eutrophic stream conditions. All of 
the stations except 152, which is atypi- 
cal, are healthy stations. It will be 
noted that the number of insect species 
increase from headwater to mouth. 
The fish shows this same general, 
though somewhat irregular, trend. The 
low number of fish at Station 116 is 
due to the fact that a large tree had 
fallen over the largest pool, and made it 
unseinable. The diatoms, ete., remain 
relatively constant throughout the 
stream system, their variation no doubt 
being due to ecological conditions. The 
protozoa also show a steady increase 
from headwater to mouth. Col. I and 
II behave erratically, as often happens 
in healthy stations. Thus, in those 
groups which are important in main- 
taining the balance of life in a stream 
there is generally an increase from 
headwater to mouth. The very irregu- 
lar appearance of these healthy station 
patterns indicates that minor pollution 
or ecological variation may alter con- 
siderably the behavior of the various 
groups, but Col. IV, VI, and VII are 
always within the limits of a healthy 
station. 

Little Muddy Creek is represented 
according to geographic sequence by 
Stations 138, 131, 133A, 133B, 134, 137, 
139A, 139B, 136, and 135 (Figures 7 
to 17). In many respects this stream 
is quite similar to Hammer Creek, and 
should support somewhat similar 
stream conditions if it were not for 
industrial pollution, which enters the 
stream just below Station 131 and at 
irregular intervals to below Station 
139. 

The headwater (Station 138) is on 
the borderline between healthy and 
semi-healthy conditions. There is evi- 
dence, as shown by qualitative indi- 
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s LITTLE MUDDY CREEK Sta. No. 138 

Semi-healthy Station July 29, 1948 


wv v vi we 


Fig 7 


cators (such as an abundance of 
Nitzschia palea, Philodina citrina, and 
chironomids), of organic pollution due 
to sanitary wastes. As Station 131, 
which is approximately *4 mi. down- 
stream, healthy conditions are found. 
Just below Station 131 the effluent from 
a hat factory enters the stream. The 
wastes from this industry are high in 
organic content, which caused the 
stream to degenerate to a polluted con- 
dition. The stream-bed was covered 
with Sphaerotilus and the bacterial 
count was very high. About % mi. 
downstream, recovery had taken place 
to such an extent that semi-healthy 
conditions were approached. Consid- 
erable sulfate and calcium had entered 
the stream in this distance, but they 
did not seem to have as deleterious 
effects on plant and animal life as the 
effluents found at Station 133. Just 
below Station 138 more effluents enter 
the stream. They are from a settling 
basin of a hat factory, but seem to be 
of such nature that they do not change 
the stream conditions. At Station 136, 
which is approximately 3 mi. down- 
stream from Station 139, recovery 
seems to have been completed, although 
the sulfates are still about 100 p.p.m. 
At this point, the stream seems to be 
teeming with life, as a result of ideal 
ecological conditions and the deecompo- 
sition of the organic enrichment re- 
ceived upstream. Particularly numer- 
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= LITTLE MUDDY CREEK Sta No Hal LITTLE MUDDY CREEK Sta. No 132 
Healthy Station july 26. 1948 Very Polluted Station July 26, 1948 
} 
| | 
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Fig 8 Fig 9 
LITTLE MUDDY CREEK Sta N 7A% LITTLE MUDDY CREEK Sta No133 8 
Polluted Station July 2¢ 14s Polluted tation July 26, 1948 
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Fig 10 Fig it 
= LITTLE MUDDY CREEK Sta. No.134 s LITTLE MUDDY CREEK Sta. No,.137 
Polluted station July 26, 1948 Polluted Station July 27, 1948 
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Fig 12 Fig. 13 
ous are the organisms that make up fauna and flora have been depressed 
Col. II, 111, and V due to the heavy silt load, which the 


Station 185, which is approximately 
2 mi. downstream from Station 136, is 


also a healthy station. However, the 


stream periodically receives just above 
this point of sampling. This is caused 


by the steep banks existing on both 
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LITTLE MUDDY CREEK Sta. Nol 39A LITTLE MUDDY CREEK No. 1396 
Semi-healthy Station Aug. 6, 1948 Semi-healthy Station Aug 6, 1948 
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as 
is 1”). 
u 
” to 
um iv v vi ve " tv vi ve 
Fig. 16 Fig 17 


sides of the stream and the careless 
farming practiced there. The fauna 
and flora, as well as the bacterial and 
chemical analyses, indicate that con- 
ditions have returned to normal. How- 
ever, considering the size of the stream, 


conditions are not as favorable for 
plant and animal life as at Station 131 
before pollution entered the stream. 
Neither were they as favorable, all 
things considered, at Station 136 as at 
Station 131. Thus, it would appear 
that although the stream recovers, it is 
LITITZ RUN SERIES 

Alypical Station 


not as healthy as before pollution en- 
tered the stream. When compared with 
Station 28 of Hammer Creek, which is 
also located near the mouth of the 
stream, it is noticeable that the number 
se of species in Col. IV, V, VI, and VII 
are less, whereas’ those in Col. I and 
a Il are more, and Col. III is about the 
same. Likewise, in comparing Stations 
136 and 28, the same type of picture 
is found as to these critical groups; 
although the stream recovers, it is prob- 
: ably never as healthy as if it were not 
Fig 18 polluted. 


Sta. No 96 
July 5, 1948 
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Study of the stations on Lititz Run 
New Haven Run (Figures 18 to 26 
show that this system never recovers 
from the effects of pollution entering 
Lititz Spring Run approximately 5 mi 
above its mouth, although several tribu- 
healthy fauna 
it. Thus, it 
that the type of pollution makes con 
the f re 


taries with and flora 


empty into is evidenced 


siderable difference in rate 


covery of a stream. 


Seasonal Variations 


The question arose as to whether this 
system of measure would hold through 
the various seasons of the year. Lim 
ited funds made it impossible to carry 
out the survey in throughout 
the 
were chosen which represented healthy, 
pol 


luted conditions, and surveyed during 


entirety 


year; therefore, certain stations 


semi-healthy, polluted, and very 


LITITZ RUN SERIES 
Polluted 


ta. No. 105 


Station 
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Fig 19 
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Polluted 


Sta No 107 


Station July 12, 1948 


Fig 21 
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july 9, 1948 


July, 1950 


the fall months. It is a known fact 
that the abundance of a species often 
varies according to the season, but it 
was necessary to determine whether the 
total number of species established in 
a given environment would vary to any 
great extent. 

The basis of comparison of the num- 
ber of species of each group found at 
the stations collected during the fall 
was the normal summer healthy station. 
It is interesting to note that the per- 
centage of change was not very great 
for any one group. Thus, although the 
heights of the columns were shortened, 
they were for the most part in propor- 
tion to each other. 
varied 


The kinds of species 
much more greatly, changing 
from 30 to 50 per cent, depending on 
the group. 

It is apparent 
measure based 


that this 
total 


biological 


on number of 
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Sta No 196 
July 12. 1948 
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LITITZ RUN SERIES 
Very Polluted Station 


Sta. No. 108 
July 12, 1948 
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ses LITITZ RUN SERIES Sta No. 122 
Polluted Station July 19, 1948 


LITITZ RUN SERIES 
Polluted Station 


Fig 25 
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species does hold, as most of the pat- 
terns found during the summer re- 
mained characteristic of fall conditions. 
Of the 12 stations studied during the 
fall and for which there were summer 
records, two (Stations 139A and 139B) 
shifted. The first shifted from semi- 
healthy to polluted, and the second 
from semi-healthy to very polluted. 
The chemical analysis of the water 
seemed to indicate that these were shifts 
in condition of pollution, rather than 
due to seasonal change. In no ease did 
a healthy pattern change to polluted, 
or viee versa. However, more work 


needs to be done on the effect of sea- 
sonal change. 

It should be emphasized that, al- 
though the main basis of the biological 
of 


measure stream conditions as set 


wv 


Fig 26 


ve 


forth in this paper is based on number 
of species found, ecological conditions 
and qualitative indicators must be 
taken into consideration. Indeed, the 
safety of this method lies in the multi- 
plicity of its approaches. 


Summary 


The results of this study indicate 
that under healthy conditions a great 
many species representing the various 
taxonomic groups should be present, 
but no one should be represented by 
a great number of individuals. This 
is what biologically would be expected 
in a stream, for heaithy conditions 
should offer habitats suitable to many 
different species. Competition would 
be severe; minor difference in ecologi- 
cal conditions would serve as barriers, 
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938 SEWAGE 
thus setting up small varying ecologi- 
eal niches, and permit survival. 

A pollutant would eliminate many 
species; thus, the few which did sur- 
vive would have less competition, and 
more chance for multiplication. The 
result of the first effect of toxicity, or 
a pollutant, would be a reduction in 
number and a abun 


species ereater 


dance of those remaining. Some groups 
would be affected more severely than 
others. More severe toxie effects would 
result in the complete elimination of 
some groups, and a reduction in spe 
cies numbers in other groups. Severely 
toxic conditions would kill all organ 

Thus, the general effect of pollution 
seems to be a reduction in species num- 
ber, with the most tolerant forms sur- 
Only in a few were 
species found that only oceurred under 
a given degree of polluted condition, 
and thus could be truly termed quali- 
tative indicators 


viving. cases 


To summarize, the biological measure 
conditions as 
useful for a number of reasons: 


of stream deseribed is 


1. On the premise that the balanced 
physiological activities of aquatic life 
in surface waters are essential for the 
healthy 
assumed that the most 


maintenance of water condi 


fions, it may be 


AND INDUSTRIAL WASTES July, 


1950 


direct measure of this biodynamie cycle 
will indicate the condition of the wa- 
ter. This measure shows the presence 
or absence of species of all major taxo- 
nomie groups that play a role in this 
cycle, with the exception of the bac- 
teria, which are considered as to total 
count, fungi, which are treated 
only as indicator organisms. 

2. The chemical and physical char- 
acteristics of normal healthy streams 
vary widely and cannot be reduced to 
a simple standard. Furthermore, there 


and 


is no practical means of testing for 
all possible toxic agents that may be 
present in a stream, and it is seldom 
that a single agent acts independently 


is the 
interaction of all factors present in a 


as a limiting factor; rather, it 


given environment. 

3. This measure, which uses largely 
the organisms that are attached to the 
bottom or edges of the 
reflect the water 


will 
conditions that have 
flowed by a given point for a consider- 


stream, 


able time prior to the time of sampling, 
whereas a water sample represents only 
the condition at the 
taken. 


moment it was 
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THE OPERATOR’S CORNER 


ConpuctEep By Hersert P. OrLAND 


DILUTION TECHNIQUE FOR B.O.D. TEST * 


By W. H. Swaneo anv C. B. Lamp 


Waste Disposal Laboratory, Carbide and Carbon Chemicals Corp., So. Charleston, W. Va. 


During early studies of the biochem- 
ical oxygen demand of various chemi- 
cal wastes, the waste disposal labora- 
tory of Carbide and Carbon Chemicals 
Corp. utilized the laborious procedure, 
as described in ‘*Standard Methods’’ 
(1), of n.aking dilutions of 1 per cent 
or lower by siphoning dilution water 
into a 5O0O0- or 1,000-ml. graduated 
cylinder, adding the required amount 
of well-mixed waste, mixing with a 
plunger-type stirring rod, and then 
making use of another siphon arrange- 
ment to fill the incubation bottle. 
Even with the best of care it was im- 
possible to prevent some aeration. For 
wastes of unknown strength it was 
necessary to make up several dilutions 
to secure one or two which would cause 
a 30 to 70 per cent reduction in dis- 
solved oxygen. When several samples 
were to be evaluated with respect to 
B.O.D., much time was consumed in 
preparing the dilutions. Conse- 
quently, the laboratory was interested 
in any suggestion for simplifying the 
procedure. 

In 1948, Riehl (2) described the 
application of a special apparatus for 
the purpose. The suggestion was ac- 
cepted, and an apparatus similar in 
design, but with a few modifications, 
was assembled (Figure 1). Most of 
the assembly can be made without the 


* Presented at 1949 Annual Meeting, West 
Virginia Sewage and Industrial Wastes Asso- 
ciation; Wheeling, W. Va.; Sept. 20-22, 1949. 


help of an experienced glass-blower 
For simplication and ease in calibrat 
ing, a 1,000-ml. graduated separatory 
funnel was used as the dispensing 
burette. A glass T was attached at 
the bottom, and a stirring rod with one 
end flattened to a diameter of about 
18 mm. was inserted at the top. To 
prevent contamination due to dust, 
etc., a cap was made from a 24/25 
ground-glass standard taper joint. It 
might be well to point out that no 
grease is ever applied to the stopcock, 
which is seldom used during prepara- 
tion of low dilutions. However, it is 
convenient, when the apparatus is not 
in use, to close the stopcock, so that the 


DIL. WATER 
STIRRER 


© GRADUATED 
SEP. FUNNEL 
1000-ml CAR 


FIGURE 1.—Modified dilution apparatus 
for B.O.D. test. 
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dilution water may be added to incu 
bation bottles directly. The funnel is 
so calibrated that when 1,000 ml. of 
water are added, the level is at A. 
The volume is slightly above the 1,000 
ml. mark on the eylinder, due to the 
by the plunger. 
Level B reads 950 ml. on the graduated 
funnel, the difference in volume be- 
A and B being more than suffi 
cient to flush the lower part of the 
Level C is obtained by 
adding 600 ml. of water to the cylinder 
For this 
particular apparatus the seale reads 
610 ml. for level C. 

The various stages in preparing a 


volume upied 


tween 
apparatus 


when the plunger is down. 


series of dilutions are as follows: 


1. Mineralized dilution water is pre 
pared according to the standard pro 


cedure, and settled sewage is added 
directly to the water 
2. The apparatus is cleaned thor 


oughly, and rinsed with dilution water 
With cock 1 closed and cocks 2 and 3 
open, fill the cylinder about half full 
of the dilution 
Add 10 ml. of well-mixed sample by 


water. Close cock 3 
lifting the cap and plunger to one side, 
and by dipping the tip of the pipette 
below the 
the delivery 
the liquid level to A. 

3. Mix the liquids thoroughly by 
moving the stirrer up and down se\ 


surface of the water during 


Open cock 3 and raise 


By C 


Chief Operator, Sewage Treatment, and Operator, 


In the operation of the Greenwood, 


S. C., sewage treatment plants, consid 


erable annoyance was experienced 


with the difficulty of cleaning effluent 
troughs located at some distance from 
the nearest walkway or wall on which 
the 


operator could stand As 1s 
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EFFLUENT TROUGH CLEANING DEVICE 


DAVIS AND J. 


July, 1950 


eral times, taking care that aeration is 
kept to a minimum, at no time break- 
ing the surface of the liquid with the 
base of the stirrer. 

4. Flush out the lower part of the 
siphon by opening cock 1 and lower- 
ing the liquid level to B. Then fill the 
incubation bottle through cock 1. 
This represents the 1 per cent dilu- 
tion. 

5. Continue lowering the level to C, 
then close cock 1, open cock 3, and re- 
fill with dilution water to mark A. 

6. Proceed as in steps 3 and 4. The 
second bottle filled will represent 0.6 
of the first, or 0.6 per cent dilution. 
The third, fourth, and fifth bottles will 
represent, respectively, 0.36, 0.216, and 
0.1296 per cent dilutions. 


For lower dilutions it is advisable to 
start with less sample in the original 
dilution. For example, by using 1 ml. 
of sample, the fifth dilution by this 
procedure would represent 0.013 per 
cent dilution. 

This procedure has been found to be 
very practicable, and much faster than 
the standard procedure. 
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case, it found ex 


the 


usually was 
tremely awkward to exert enough pres- 
sure on a long-handled brush to do a 
good cleaning job. Finally, a simple 
was evolved for re- 


the difficulty. 


device (Figure 1) 
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EXTRACTS FROM OPERATION RKEPORTS 


FIGURE 1.—Simple device for cleaning effluent troughs. 


The cleaner consists of a long wooden 
pole with 50 ft. of ordinary cow chain 
gathered up on the end. The chain is 
flexible enough to follow the shapes of 
the trough very closely for sufficient 


cleaning, in addition to having enough 
weight to eliminate the necessity of 
bearing down on the pole. Cleaning 
is very easily managed with much less 
effort than was previously required. 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


If you're looking for a helping hand, there's one at the end of your arm. 


Attention operators! 
Journal. 


Illinois Bldg., Champaign, 


It will be appreciated if copies of all annual reports of both large 
and smal] plants are sent to the Federation office for abstracting in this section of the 
Carbon copies of typewritten reports will be promptly returned on request. 
Please direct annual reports to: Federation of Sewage Works Associations, Room 325, 


Report of Operation of the District of Columbia Sewage Treatment Plant 
for the Fiscal Year 1949 * 


By Raven E. FunrRMAN, Superintendent 


General 
During the fiscal year ending June 
30, 1949, the District of Columbia sew- 


* For last previous extract see: 


Works Jour., 19, 5, 903 (Sept., 1947). 


Sewage 


age treatment plant treated an aver- 
age of 171 m.g.d., or 32 per cent more 
than the design flow of 130 m.g.d. To 
eliminate the overloaded conditions 
caused by the increased flow, contracts 
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were let and construction work started 
on 4 additional sedimentation tanks 
and 4 additional digestion tanks 
Construction, started in May, 1949, is 
scheduled for completion early in 1951. 
The additional tanks will increase the 
plant's sedimentation capacity by one- 
third, and will allow 2 hr. detention 
time for the increased flow. 

The Guggenheim process demonstra 
tion plant was remodeled during the 
vear and is continuing experiments on 
treatment of the effluent of the District 
plant, 


Population Figures 


On the basis of a per capita 5-day 
3.O.D. of 0.20 Ib. daily, the equivalent 
population served by the plant de- 
creased from 965,000 in July, 1948, to 
785,000 in June, 1949. Several ex- 
planations can be offered for the ap 
parent decrease in equivalent popula 
tion. During August, 1948, automatic 
samplers were placed in service to 
sample the sewage and effluent over a 
24-hr. period. From January, 1946, 
to August, 1948, a sample of sewage 
and effluent was collected each hour 


the 


that an operator was on duty at 
chamber During this period, 
nobody was on duty between midnight 
and S& A.M Little difference was 
noted between effluent samples col- 
lected over a 16-hr. period and a 24-hr 
period; the sewage samples, however, 
were considerably weaker for the pe 
riod between midnight and 8 a.m. and 
tended to lower the 24-hr. sample. This 
may have caused the apparent decrease 
in equivalent population Another 
factor entering into the computation 
is the 0.20 lb of 5 day BOD per per 
son per day. This factor may be 
changing by the wide-spread use of 
detergents other than soap. One pound 
of soap is equivalent to about 2.5 Ib. of 
5-day B.O.D., so that the substitution 
of a substance with little or no B.O.D., 
such as phosphate, would tend to alter 
the factor considerably. The increas 


ing stability of the District population 
and actual census figures of 1950 will 
give information necessary to evaluate 
these factors. 


Sludge Treatment 


As in previous years, all sludge and 
scum removed from the sewage by the 
sedimentation tanks was digested, 
elutriated, and partially dewatered by 
vacuum filters. The 8 digestion tanks 
were operated in parallel single- 
stage digesters and produced an aver- 
age of 797,000 cu. ft. of gas per day. 
The Naval Research Laboratory ad 
jacent to the plant received 574,000 
cu. ft. of gas; the power plant used 
146,200,000 cu. ft., or 50.2 per cent 
The remainder was consumed by the 
plant waste gas burners. 

The 19.328 tons of filter cake pro- 
duced were disposed of by shipping 
12,408 tons (64.3 per cent of the out- 
put) to the D.C, Department of Corree 
tions, at Lorton, Va. Camp Meade re 
ceived 16.3 per cent of the sludge cake 
and the remaining 19.4 per cent was 
hauled by trucks and went to farmers, 
Federal, and District agencies, for use 
as top soil dressing. 

Sludge eake shipped by the plant to 
the D. C. penal institutions is applied 
there directly to the soil or stored and 
applied later. Although the original 
plan of sludge disposal there contem 
plated its use to replace in part, at 
least, commercial fertilizer purchases, 
institution officials have not shared this 
view and consider the sludge of very 
low fertilizing value. <As the antiet- 
pated value has not been realized, the 
costs incurred by the necessary opera 
tion are properly charged as a sewage 
treatment function. During the 1949 
fiscal year the penal institutions re 
port operating expenditures of $13,209 
for this work and no decrease of ferti- 
lizer costs. 

As in previous years, the wool filter 
cloths were washed with inhibited hy- 
drochlorie acid when the filter yields 
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started to fall off owing to blanketing 
by iron salts. Four filter cloths were 
replaced during the vear after an aver- 
ave service of about 700 hr. The ferric 
chloride dose for the year averaged 3.0 
per cent, which is 0.6 per cent lower 
than the previous year. 


Power Plant 


The power plant served the entire 
sewage treatment plant in the produc- 
tion of electrical energy by the 1,200- 
hp. sludge gas engine, and as a central 
heating station using sludge gas for 
fuel. During the year, the engine-gen- 
erator produced 5,702,000 kw.-hr., or 
75.0 per cent of the total power used 
by the plant. Of 7,314,300 kilowatt 
hours total consumption, the total 
quantity purchased from the local util- 
ity was 1,612,300 kilowatt hours. The 
total time of engine operation was 93.3 
per cent of the year. 

There were eight engine shutdowns, 
two of which were unanticipated, caus- 
ing the loss of 4 hr.; six planned shut- 
downs accounted for 579 hr. 


Laboratory 


In addition to the routine analyses, 
the laboratory collected considerable 
data during the year on sewage treat- 
ment using short periods of aeration 
and on the use of oxygen instead of air 
in the treatment process. Many tests 
were run in duplicate in order to com- 
pare samples taken manually and by 
machines. About 17,000 routine analy- 
ses were made throughout the year. 

Table I gives a summary of operation 
data for the 1949 fiscal year. 


TABLE I.—Summary of Operation Data 
for Fiscal Year 1949 at District of 
Columbia Sewage Treatment Plant 


Item Average 
Equiv. pop. connected 785,000 
Sewage treated (m.g.d.) 1714 
Grit (cu. ft. per m.g.) aGletecgantis 1.2 
19.5 
Night soil, total (gal.) .......... 178,930 
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Suspended solids (p.p.m.): 
Final effluent ........ 
Reduction by plant (%) 

B.O.D. (p.p.m.) : 
Reduction by plant (%) ...... 

Raw sludge: 

Removed, dry basis (Ib.) ..... 
Solids (% ) 


Vol. solids (%) 


Seum: 
Vol. solids (%) 


Sludge digestion: 


Vol. sol. to dig., dry basis (lb.) 
Tank temperature (° F. 
Dig. sludge removed (gal.) 
pH 
Grease (% 
Gas: 


Produced, total (eu. ft.) 
Per cap., equiv. (eu. ft.) 
Wasted (cu. ft. bes 
Calorific value, gross (B.t.u./eu. 
ft.) 
Calorific value, net (B.t.u./eu, 
Elutriated sludge: 
Solids (% 
Vol. solids (% 
Ratio wash water to sludge 
Alk., dig. sludge (p.p.1o.) 
Alk., elutr. sludge (p.p.m.) 
Effective wash water ratio 
Elutriate : 
Susp. sol. (p.p.m.) 
Alkalinity (p.p.m.) 
B.O.D. (p.p.m.) 
Sludge cake: 
Total produced, wet (tons).. 
Dry solids, total (tons) 


Filter yield, dry (1b./sq. ft./hr.) 
Ferrie chloride (%) 
Susp. sol. in filtrate (p.p.m.) 
Operating costs 

Pumping (#% per m.g.) . 
Treatment (# per m.g. 

Total (# per m.g.) , 
Sludge disposal per m.g.) 
Sludge disposal ($ per ton cake) 


42,570 


135,500 


7° 
5.8 


797,000 
0.92 
349,000 


645.8 


598.0 


19,327.5 


043 
39.7 
121 
85 
29.8 dior 
69,050 
5.7 
84 
60.0 
22.3 
| 9,558 
15.8 
87.2 
| 
9.3 
42.5 
1.6 
3,048 
681 
3.5 
3,526 
1,490 
| 647 : 
30.0 
5,735.4 
8.33 
3) 
3.00 
144 
= 3.32 
4.45 
0.54 
1.75 
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Annual Report of the Detroit, Mich., Treatment Plant for the Fiscal Year 
Ending June 30, 1949 * 


By Frep H 


Serving 21 communities outside the 
city boundaries, as well as the City of 
Detroit, the Detroit sewage treatment 
plant has a total contributory popula- 
tion estimated at 2,500,000 


Pumping Station 


Routine pump-downs of the inter- 
ceptors were continued for the purpose 
of keeping them fairly free of large 
grit and other de- 
bris, thus aiding in preventing over- 
loading of the collection equipment 

Continua- 
maintaining 


accumulations of 


during storm periods. 
tion of the practice of 
higher interceptor levels further re- 
duced power requirements during the 
year from 110.8 to 107.7 kw--hr. per 
raillion gallons pumped 

No oceasion arose during the year 
to open the plant by-pass to divert raw 
sewage to the river 


Rack and Grit Building 


Ten times during the year the re- 
covery of often 
was so great as to overtax the grinder 
At such times they 
the floor until they could be fed to the 
grinder at the normal 

Bar racks No. 1, 2, 
pletely overhauled in February and 
March. When No. 4 was overhauled, 


alternate bars were removed from the 


screenings leaves 


were stacked on 
rate 
and 4 were com 


bottom to permit free passage of grit 
This done to No 5 during the 
previous year and proved effectual in 


Was 


remedying shearing due to grit. 
The grit 
amounted to 


recovered this year 


15.633 wet tons, or 30.2 
per cent less than the previous vear 
Most of this was fed to the incinerators 


to reduce its volume and dispose of 


s extract 


1949 


* For the ist previo 


21, 2, 339 (Mar 
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Burry, Engineer of Sewage 


Treatment 


putrescible material. Only 0.03 per 
cent was sluiced to the lagoons when 
the incinerators could not handle it or 
when it was too wet to be transported 
by the inclined belts. 

On five oceasions it became necessary 
to dig out the grit collectors manually 
because of their overloaded condition. 


Sedimentation Tanks 


This year, because of the mild winter 
with little accumulated snow and ice on 
the ground, shearing of cross-collectors 
was at a minimum. This occurred only 
three times: twice on tank No. 1 and 
onee on tank No. 4, in March and April. 
This low tank outage is further ae 
counted for by the practice of draining 
sludge back to the interceptor for 10- 
or 15-min. periods from tanks that 
appeared to have overloaded collectors. 

A new plunger-type sludge pump 
was installed in May to permit a com- 
parison with the centrifugal types now 
muse. A new open-impeller centrifu- 
gal sludge pump was also installed in 
June to and 
Col- 
leeting mechanisms in tanks No. 6 and 
7 were completely overhauled during 
the year. 


determine operating 


maintenance eosts for this unit. 


Small sticks in the grease collection, 
particularly after storms, continue to 
trouble in the 
pumps. <A 


vive smaller grease 
installation of 
a single large pump, replacing two of 
the smaller 


June 


permanent 
ones, was completed in 
To date it grinds and pumps 
all the small sticks and most of the 


larger ones. Other small grease pumps 


will be replaced as soon as larger units 
become available 

During hot days in July and August 
both sludge and grease pumps become 
vas-bound and require frequent bleed- 
ing. 
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Filter Building 


Sludge solids filtered during the year 
totaled 55,605 tons. This is 839 tons 
less than the previous year and follows 
the somewhat reduced sewage pumpage 
rate. 

Ferric chloride dosage dropped to a 
new low. This year the percentage was 
1.4 compared to 1.57 for the previous 
year. The average lime dosage dropped 
from 9.2 per cent to 8.7 per cent. 
Waste lime slurry from a local acety- 
lene plant was used almost entirely, due 
to its ease in handling and marked 
economy. Pebble lime was used on 
three occasions during the year and 
then only for short periods of inade- 
quate lime slurry supply or hauling 
difficulties. 

A new 4,000-gal. semi-trailer tank 
was delivered in August. Coupled with 
a tractor acquired from the War As- 
sets Administration, hauling lime 
slurry was gradually taken over from 
outside contractors. By November this 
equipment was transporting all the 
material as required, 


Incinerators 


The control of excessive smoke from 
the incinerators has received increased 
attention. With the installation of the 
enlarged breeching and the other im- 
provements the control of drafts, 
burning conditions, shock loads, ete., 
is becoming less difficult. 


Chlorination and Laboratory 


Control of chlorine application was 
continued on a 24-hr. basis during the 
year. On July 16 the safety head 
diaphragm connected to No. 3 chlorine 
machine ruptured, allowing escape of 
free chlorine through the wall vent to 
the outside atmosphere. Although 
some distress was caused to several 
residents of adjacent residential prop- 
erty, prompt corrective action by plant 
personnel prevented serious damage or 
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hazard. Changes were completed Oc- 
tober 12 in the safety high-pressure 
vent lines so that in the future dis- 
charge of gas will be through a caustic 
soda reaction chamber. 


Miscellaneous 


The poured refractory hearth in in- 
cinerator No. 4 has been in service 
over ten months and is standing up 
well. The good service it is giving led 
to the decision to install five hearths 
of this kind in incinerator No. 5 and 
ten in No. 2. 

The preheater units and the old 
breeching of incinerator No. 5 have 
been dismantled to make room for a 
larger breeching now being installed. 
The original breeching and auxiliary 
breeching installed three years ago in 
incinerator No. 2 have been dismantled 
to permit installation of a new large 
breeching similar to that on No. 4 and 
No. 5. New breechings will have 
dampers of the butterfly type similar 
to that installed on incinerator No. 4. 

Two rotary kilns, each 45 ft. long 
by 6 ft. diameter, were purchased for 
installation in the incinerator building, 
where they will be used along with 
the multiple-hearth incinerators to dry 
and burn sludge cake, grit, and sereen- 
ings. It is difficult to burn screenings 
in the multiple-hearth type because of 
frequent plugging of the rabble teeth. 
Operating data will be collected to de- 
termine the relative advantages of each 
type of incinerator. 

Stack No. 1, which serves incinerator 
No. 2, showed visible signs of weakness 
at rivets and plates during February. 
Samples cut out to determine metal 
thicknesses disclosed a hazardous con- 
dition due to corrosion. Steps were 
immediately taken to remove the weak 
stack and have it rebuilt. Dismantling 
was begun on March 16 and completed 
March 25. The other two incinerator 
stacks were investigated by cutting out 
samples of the metal and were found 
to be in good serviceable condition ex- 
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cept for slight corrosion at shelf Total solids (tons 
angles. Dry 
. Volatile 
Preparations are being made to use St -aps 
Analytical data: 
pickling liquor as a sludge coagulant : 
Suspended solids (p.p.m. 
on a plant scale as soon as the equip Seales 
ment now on order can be installed Effluent 
Two turbine blowers were installed Per cent reduction 
to re place two rotary displacement B.O.D. (p.p.m. 
blowers in the filter building. This Influent 
change has reduced the noise nuisance Effluent 
in the room and will continue to show Per cent reduction 
lower power costs Grit (per cent solids 
The damage to the boat and boat- Grit (per cent volatil 
Raw sludge to digester 
house caused by the fire of February ga napintas: 
17, 1948, was repaired. Asbestos sid- 
Vol. solids 
ing was applied to the exterior walls — gijage digestion: 
to minimize the recurrence of fire dam Gal. added (1,000 
age. Dry solids added (tons 
At many locations in the plant, gate Gal. withdrawn (1,000 
valves have functioned poorly due to To filters 
To tanks 
much use, long periods of non-use, and 
Drv solids withdrawn (tons 
lime scale deposits In the most im- 


portant places these valves have been 
replaced with lubricated plug valves. 
Water used to cool the air compres- 
which the 
sewer was piped to the flushing-water 


sors formerly drained to 


tank for re-use. 
A Summary of the operation data for 
1949 is presented in Table IL. 


TABLE II.—Summary of 1949 Operation 
Data at Detroit, Mich. 


Item Average 
Rainfall, total in 29.84 
Sewage temperature, av. ( F 66 
Estimated connected population 2,500,000 
Sewage pumped (m.g.d 104 
Solids removed 
Grit tons 
Wet 15,127 
Dry 7,341 
Volatile 2,901 
Wet sluiced 506 
Tank seum tons 
Wet 1,1 
Dry TRO 
Volatile 707 
Suspended solids (tons 
Dry 73.158 
Volatil 16,309 


Gas produced 
1,000 eu. ft 
Cu. ft. 
Cu. ft. per Ib. vol. 

sumed 

Supernatant 
Solids (% 

Vol 


solids 


Sludge filtered: 


Mixed sludge to fil 
Solids % 
Vol. Solids (% 


ral 


Thousand 
Dry solids (tons 
CaO used (% 
FeCl used (% 
Filter yield (1b 
area per hr 

Sludge cake 
Total solids 
Volatile solids (% 
Incineration 
Wet tons 
Dry (tons 
Volatile 
Wet feed 


tons 


tons 
rate per w 


per hr 


Electric power 100 kw 


Purchased 


per wet ton 


sol. added 


sol eon 
j. ft. filter 
icinerator 


burned 


hr 


30,951 
13,777 


2,840 


28,427 


10,672 


111,662 


6.88 


20.70 


50.96 


194,797 
71.053 


38,745 


188 990 


: 
a 
81,206 
9017 
49,917 
227.9 2 
108.3 A 
52.4 : 
139.5 
ps 
43.5 
$8.5 
$9.5 
3 
A 
— 

59.54 
130,470 
55,604 
14 
$.2 
9 

55.79 
gal 
0.203 
2 
: 
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Generated 15,522 
Total used ..... 204,512 
Main pumps . 155,248 
Auxiliary power 49,264 
Kw. per m.g. (pumping only) .. 108 
Chlorination: 
Chlorine demand (p.p.m.) 6.31 
Chiorine applied: 
2,617 
P.p.m. .. 4.33 
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Per cent demand satisfied ...... 69.0 
Coliform indices (M.P.N. x 
1,000) : 
Influent 
Effluent 1,320 
Per cent removed 85.15 
Accident frequency rate (disabling 
injuries, per million man hours) 23.32 
Accident severity rate (days lost 
per 1,000 man-hrs.) baat 0.419 


1948 Annual Report on the Worcester, Mass., Sewage Treatment Plant * 


By Pavt C. Hepenstap, Superintendent, Bureau of Sewers 


The sewage presented the usual diffi- 
culties of acid-iron wastes for the first 
half of the year. The last half of the 
year showed a marked change in the 
sewage, due to the adoption of correc- 
tive measures. The rules and regula- 
tions governing the character and na- 
ture of sewage discharged into the 
system proved of great value when a 
cooperative clean-up by industry and 
municipal authorities was inaugurated. 

The raw sewage was chlorinated all 
year as a disease preventive measure, 
because of the by-passing of sewage 
necessitated by construction. <A total 
of 345 tons of chlorine was used. The 
chlorine demand of the raw sewage 
varied between 8.5 and 12.0 p.p.m. 
Although the applied dosage was 10.0 
p.p.m. and some composite samples 
showed a residual of 0.1 p.p.m. after 
3-hr. contact, the Imhoff tank effluent 
showed no residual chlorine through- 
out the vear. 

With the exception of some small 
remaining work, the 16 rotary distribu- 
tor filters were completed. The 8 new 
filters were placed in operation in 
July; the rehabilitated set of 8 filters 
was placed in operation on an inter- 
mittent basis in December. The auto- 
matic controls were not adjusted. The 
8 filters on the rehabilitated area were 
set for manual operation so that all 


*For last previous extract see: Sewage 


Works Jour., 19, 5, 909 (Sept., 1947). 


flow over 20 m.g.d. was allowed to pass 
onto them. 

The screen rakes were operated with- 
out extensive repair throughout the 
year. Present bar screens are not re- 
moving the undesirable rags, paper, 
ete., efficiently. This is verified by the 
fact that many rags and other types of 
debris having an area large enough 
for removal by the bar screens are 
encountered when pumping the Im- 
hoff tanks. Corrective measures are 
recommended. 


Imhoff Tanks 


The usual working difficulties en- 
countered by passage of large rags, 
grease, etc., and the formation of scum 
and heavy sludge continued to harass 
the normal operation of the Imhoff 
units. Withdrawal of sludge from the 
lower compartments of the Imhoff 
tanks always varies as to difficulties 
encountered. 

The process of removing accumu- 
lated scum in the gas vents was dis- 
continued because the clam-shell bucket 
operation proved to be unsatisfactory 
and very slow. A method of render- 
ing the dry scum into a viscous fluid 
condition by the use of water and 
then pumping the sludge-like material 
onto sludge drying beds was started 
and showed promise, but this too was 
discontinued because it proved cumber- 
some. It is hoped to install a pump 
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on the sludge line capable of with 
drawing all sludge from the tanks, in 
creasing the storage capacity and allow- 
ing the tanks to operate again at maxi- 
mum capacity. 


Trickling Filters 


Initial seeding of the new filters was 
very slow, as expected from the experi 
mental work performed on them 
Hourly samples, tested individually, 
showed that the combined nitrite and 
nitrate content of the effluent was on 
the increase at the end of the year. 
The nitrite content showed a gradual 
increase, as did the nitrate content, so 
that at the end of the period the com- 
bined nitrite and nitrate had increased 
from 0.43 to 1.33 p.p.m. The dissolved 
oxygen content was 50 per cent of the 
saturation value. 


Secondary Tank and Clarifiers 


Starting of the newly built trickling 
filters also introduced a new unit in 
the treatment process—the clarifier 
unit, consisting of three cireular elari- 
fiers with mechanical sludge collection 
equipment. Operation of the clarifiers 
was satisfactory and showed promise 
of fulfilling expectations. 

The final effluent showed an over-all 
3.O.D. reduction of 85 per cent on a 
single 24-hr. composite analysis. With 
the arrival of colder weather this 
dropped to 70 per cent. The initial 
eolor of the final effluent was gray, 
which would lead one to believe that 
a washing process was going on. The 
color has improved greatly and it 1s 
believed that all organic material ca 
pable of being washed down has been 
removed from the filters. 

The final effluent had a nitrite con 
tent of 0.40 and a nitrate content of 
0.25 p.p.m Dissolved oxygen Was pres 
ent to the amount of 47.5 per cent 
saturation. The analyses were made on 
eatch samples taken when time per 
mitted, usually one every other day 

Operation of the secondary tank unit 
was intermittent. The first six months 
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the tank received only about 2 per cent 
of the Imhoff effluent, the remainder 
being by-passed. Although very little 
sludge was collected, spot checks of 
the rehabilitated secondary tanks 
showed them to be producing a sludge 
similar to that from the Imhoff tanks. 


Sludge Disposal 


All Imhoff tank sludge was pumped 
to the sludge bed area; all secondary 
settling tank and clarifier tank sludge 
was disposed of in the same manner. 

Work on removal of dried sludge 
started in July and was carried on 
intermittently throughout the year 
whenever weather permitted. The en- 
tire operation was performed by pri- 
vate machine. 

No beds in area No. 1 were cleaned 
by Sewer Department laborers. Many 
of these beds were permanently re- 
moved with the erection of the new 
filters. In area No. 2, 15 l-acre beds 
were cleaned. The dried sludge was 
removed by overhead loader and 
trucks, and dumped in a special area 
provided for this purpose. The cost of 
removal of sludge for 1948 was $0.65 
per cubie yard 

Table III is a summary of the 1948 
operation data. 


TABLE III.—Summary of 1948 Operation 
Data at Worcester, Mass. 


Item Average 
Rainfall, total (in.) . . 47.01 
Connected population (est. 187,000 
Sewage flow (m.g.d. ais 26.09 
Grit (cu. ft./m.g.) 2.31 
Removed from drying bed (cu. 
yd 995 
Sereenings (cu. ft./m.g.) . 1.80 
Imhoff tank skimmings (cu. ft. 28.05 
Suspended solids (p.p.m.): 
Raw sewage 146.6 
Chlorinated sewage 
Imhoff tank effluent . 48.5 
Filter effluent ...... 


Secondary tank effluent 
B.O.D., 5-day (p.p.m.): 

Raw sewage aoe .. 207.6 

Chlorinated sewage ... 178.4 
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Imhoff tank effluent 126.2 Imhoff tank effluent . 5.6 
Filter effluent ... 74 Imhoff tank sludge . , 2.5 
Secondary tank effluent . 79 Filter effluent ...... , 2.4 

pH: Imhoff tank sludge: 

Raw sewage ...... ; 6.8 Solids (%) .... aiatsh 9.93 
Imhoff tank effluent ‘ 63 48.66 
Imhoff tank sludge ............ 7.1 Nitrogen, as N (p.p.m.) . 2.55 
Filter effluent ...... ~ ; 6.9 Operating costs (#): 

Iron, as Fe (p.p.m.): Per capita . 
Raw sewage ...... . 68 Per .. . 19! 


PRETREATMENT DEVICES AT MARION AND 
RICHMOND, INDIANA * 


COMMINUTORS 


By D. P. BackMEYEerR 


Superintendent, Water and Sewage, Marion, Ind. 


The two comminutors at Marion, 
Ind., have a design capacity of 5 m.g.d. 
each, giving a total capacity of 10 
m.g.d. Maximum flows reach 7.0-m.g.d. 
rates, and the two machines are oper- 
ated simultaneously for best operation 
results. Although the comminutors 
were operated singly for some time 
when the plant was first put in opera- 
tion, both machines at present have 
the same number of operation hours. 
The service record given covers a pe- 
riod of 100 months, this time being 
about the life cycle of each unit from 
the standpoint of replacement of major 
parts. 

The sewage at Marion does not carry 
an excessive amount of grit. However, 
as the pumps and the grit removal 
channels follow the screens, much of 
the maintenance of the machines is un- 
doubtedly due to the excessive wear 
resulting from the abrasive action of 
the grit, sand, and cinders that must 
pass through the ecomminutors. 

In general, the machines are in- 
spected in place at 90-day intervals to 
note the condition of the teeth, cutter 


* Presented at the 1949 Fall Meeting, Indi- 
ana Sewage Works Association; Sept. 8-9, 
1949: reprinted from Sewage Gas, 12, No. 3. 
(1949). 


bars, and combs. The teeth usually 
require grinding about every 90 days, 
particularly those on the bottom two 
rows, which must take most of the 
abuse from the grit and trash in the 
sewage. After approximately seven 
months’ operation time the machines 
are pulled from the channel and re- 
moved to the shop for more complete 
maintenance. This service includes the 
removal of the comb, if necessary, and 
the removal of the bottom cutter bars 
with subsequent building up of the 
eutting edges and grinding to proper 
size. If these parts are worn severely, 
they are not re-built, but are replaced 
with new parts. Local machine shops 
have not been successful in re-building 
cutter teeth, sheer bars, or combs after 
the stellite facings have been badly 
damaged by excessive wear. Each 
night the machines are shut down and 
the sewage is by-passed through a bar 
screen while the stones, water-soaked 
sticks, and other miscellaneous items 
are removed from the comminutor ba- 
sins. About a 10-qt. pail of this ma- 
terial is removed from a day’s flow of 
5.0 m.g. of sewage. 

When the ribs of sereen bars in the 
revolving drums become worn, it is 
necessary to replace the drum. This 
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was done after the 100-month operation 
pe riod Each machine had handled 
6493 m.g. of sewage. The total cost 
for repair parts for each machine was 
$1,754.00, as the parts were prorated 
for the two units. The cost per million 
gallons was 27¢ for parts only. Con 
siderable labor is required for servicing 
the machines, but no labor other than 
regular plant personnel is required 
for most of the maintenance work. As 
there is no welding shop or machine 
shop at the plant, this type of work 


is done by contract 


Conclusions 


Comminutors require maintenance, 
but because of the cleanliness of the 


BAR SCREENS 
By W 


City Engineer, 


Every sewage treatment plant oper 
ator and every designing engineer 
agrees that there must be some means 
of removal of coarse sewage if a plant 
is to remain in operation for any time 
without serious stoppage of the con- 
necting piping and clogging of pumps 
It is, however, an entirely different 
story when it comes to the method to 
be employed to accomplish the neces 
sary removal, The job may be done 
either by comminution or by screens; 
in some eases one or the other is the 
only method that ean be used 

Bar screens are used to remove the 


eoarse sewave, tin cans ol shoe s balls 


of every description, and other ma 
terial that can cause stoppage of pipes 
and pumps. The sereens are of various 
designs and can have almost any spae 
ing. In smaller plants cleaning of the 
screens is often done manually wit 
some kind of rake, whereas in. the 
r plat ts the screens are elieane d 
by mechanicall 


ly operated rakes The 
interval between cleanings is as vari 
able as the sewage that enters the plant 


so no set interval can be given At 


method of screening utilized it is be- 
lieved that they constitute a practical 
piece of essential equipment for the 
Marion plant Attention to cutting 
parts and maintenance of same before 
they are too badly damaged by wear 
s important. When small pumps are 


to be protected, the comminutor will do 
a better screening job than the bar 
screen and, therefore, give added pro 
tection to the pumping unit. Mainte- 
nance booklets and special tools are 
available from the manufacturers, and 
every advantage should be taken to 
obtain these items so that labor costs 
will be held at a minimum when the 
machines are being serviced 


AND GRINDERS 


Richmond, Indiana 


times the screen may not require clean- 
ing for an hour or more. On the other 
hand, it may have to be raked con- 
tinuously to keep it open 

In general, the screen rakes are con- 
trolled either by a time clock or by a 
float switch placed ahead of the sereen. 
If controlled by a time clock, the in 
terval of rake operation may be varied 
from hand operation to continuous op 
eration. If the rakes are float con- 
trolled, the rakes are started when the 
screens have become clogged enough to 
cause the water to rise ahead of the 
screen to a pre-determined level that 
turns on the controls, and the rakes 
will then stay in operation until the 
water level is lowered sufficiently to 
cut off the switch. 

The screenings removed by the rakes 
must be disposed of in some manner 
to prevent an odor nuisance and un- 
sanitary condition The screenings 
may be buried, burned, or ground up 
into such form that they do not cause 
stoppage of the pipes. In the Rich- 
mond, Ind. plant, the large sticks and 
ther materials that will not go through 
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the hammer mill are removed and 
buried. 

Like all other mechanical equipment, 
mechanically-cleaned screens should 
have periodic inspection. They will op- 
erate much more efficiently when the 
chains are adjusted to the proper tight- 
ness and are well greased. The rakes 
should be aligned and the stops set 
for the proper operation. The kick- 
off plate on the rakes should also be 
checked to see that it has the proper 
clearance at all times. The grinder 
should be kept greased, and the knives 
changed as often as necessary to keep 
a cutting edge on them. This will 
eliminate excessive wear on the rotor 
bearings and hammer rods. 

There is little doubt that screens are 
cheaper to maintain, and perhaps to 
operate, but they are not as free of 


messy appearance as is the comminu- 
tor. The cost for repairs to the screens 
at the Richmond plant has been about 
l¢ per million gallons of sewage 
treated, and only in times of rain do 
they require much attention from the 
operators. About 10 min. during each 
shift is all that is required to grind 
down the collection of screenings. 

As previously stated, there are places 
where it would be foolish to install 
screens instead of comminutors, and 
there are also places where screens are 
the only solution to the problem. Each 
case must be studied before a decision 
is made, with all the factors of cost 
and operation being given due con- 
sideration. 

Close inspection of all equipment 
about the sewage treatment works will 
pay off in the long run, as it cuts the 
number of breakdowns to the minimum. 


SEWAGE PLANT BEAUTIFICATION * 


By Myron K. NeLson 


Chief Engineer, Mission Twp., Johnson County, Kansas 


The dictionary defines beautification 
as ‘‘the act of making or rendering 
beautiful, adding beauty to, or adorn- 
ing.’’ Beauty is defined as ‘‘an as- 
semblage of graces or properties pleas- 
ing to the eye, the ear, the aesthetic 
faculty, or the moral sense.’” Anyone 
inspecting the sewage plants in Kan- 
sas, and presumably in other states, 
would probably agree that more than 
95 per cent of them could certainly 
stand some beautification. 

In the opinion of the average citi- 
zen, a sewage plant should be hidden, 
shunned, and forgotten. In order to 
save money, little or no maintenance 
is provided, and that quite often only 
as a result of annual inspections by the 
State Health Department. Because 


* Presented at 1950 Annual Meeting, Kan- 
sas Sewage Works Assn.; Salina, Kans.; 
April 19-21, 1950. 


most people have never been to see a 
sewage treatment plant, they assume 
that it must be a horrible place be- 
cause of the product it treats. This 
being the case, plant operators and 
engineers have a selling and educa- 
tional job to do. One of the best ways 
of teaching is by means of visual in- 
struction—hence, sewage plant beauti- 
fication. 

Plant beautification accomplished 
several important objectives. A more 
favorable public opinion is aroused if 
the plant surroundings are neat and 
pleasing. Governing bodies and _ pri- 
vate citizens can be induced to visit 
the plant and see for themselves what 
is being accomplished. Also, operat- 
ing personnel take more pride in their 
work if the plant is handy, convenient, 
and attractive. With the more pride- 
ful attitude comes increased work effi- 
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ciency. It is virtually impossible for 
cities to grow and expand without some 
More effi- 


cient personnel means longer life for 


means of sewage disposal 


equipment with less replacement costs 

The extent of sewage plant beautifi 
desirable varies 
with the type and location of the plant 
In many 
cated at 


cation necessary or 


instances the plant is lo 
considerable 
from town and is composed of an Im- 
hoff tank, trickling filter, and secon 
dary tank, with no 
structures. As a 


some distance 


settling above 


ground minimum, 
the plant site should be well fenced, 
provided with a good all-weather ac 
and the 
seeded to a suitable grass that can be 
other 
foundation plantings add greatly to 
the appearance at 


cess road, yard sodded or 


mowed. Perennial flowers and 
small 
Other 


structures, 


cost by pro 


viding screens plants, with 


above-ground have many 


more possibilities for foundation 
other decorative fea 


Any definition of sewage plant 


plantings and 
tures 
beautification also should include cer- 
tain types of general maintenance, 
such as painting, scrubbing, and gen 
eral orderliness 

The Township 


plant is of the trickling filter, separate 


Mission (Kans 
sludge digestion type and is located on 
a 40-acre tract 
about 44 mi 


The nearest house is 


from the plant proper 
landscaping plans 


No specific have 
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Work 
to date has been confined to correcting 


been made at the sewage plant 


drainage and erosion problems and 
sowing As far as 
possible, all landscaping work will be 


some grass seed. 
done by plant personnel because of a 
limited budget. 

All sewage from the 8,000-acre dis- 
trict flows to a large pumping station 
situated in the city of Fairway and 
adjacent to two country clubs. The 
pumping facilities are housed in a 
brick structure resembling a colonial 
type house. Professional help was ob- 
tained to solve the landscaping prob- 
lems so that the pumping station and 
grounds would resemble a home of the 
type prevalent in this area. The 
nearest house is less than 100 ft. from 
the pumping station. 

Every sewage plant has two funda- 
mental products necessary for plant 
beautification—fertilizer and water for 
irrigation. The fertilizing value of 
sewage sludge is dependent chiefly on 
the amount of 
phosphoric 


available nitrogen, 
acid, and water-soluble 
potash it contains. Probably one of 
the major advantages of sewage sludge 
as fertilizer is as a source of organic 
matter (humus) in soil building. In 
this regard, information 
can be obtained from the Federation's 
Manual of Practice No. 2, entitled 
‘Utilization of Sewage Sludge as Fer- 
tilizer.’’ 


considerable 


TIPS AND QUIPS 


Heat vs. Power 


Even when an engine fueled by di- 
gester gas is available for power gen- 
eration, use of the engine may not 
prove economical by comparison with 
other uses to which the gas can be put. 
Such apparently is the case at Litch- 
field, Ill. (pop. 7,000). There, aecord- 
ing to a report in the February, 1950, 
issue of The Digester, quarterly publi- 


cation of the Division of Sanitary En- 
gineering, Illinois State Dept. of Pub- 
lic Health, the engine is used only 
enough to keep it in good condition. 
Superintendent Reinhold Spiess de- 
cided on this method of operation after 
careful analysis of his operating costs. 
First, there was insufficient gas to pro- 
duce both the power and the heat 
needed to run the plant. As supple- 
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mentary heat was needed for the di- 
gester and the plant buildings, this 
expense was added to that of mainte- 
nance of the gas engine. He concluded 
that by operating the engine one hour 
a day and purchasing all power, he 
could save about $8 per month. In 
addition, furnace tending and ash 
hauling are eliminated, the building 
is cleaner, and more even heat is as- 
sured by use of gas. 

Gas engines have proved their worth 
in many places, but the size of the 
town is a factor. Where there is just 
so much gas, it may prove advantageous 
to use it for heating alone, rather than 
for power and heating. 


Manhole Problems 


In the 1948 annual report of the 
Aurora (Ill.) Sanitary Distriet, Super- 
intendent Walter A. Sperry discusses 
some interesting problems concerning 
manholes on the District’s collector 
system and briefly describes the solu- 
tions thereto, as follows: 


“A rectangular steel manhole cover was 
recovered at the Hazel Avenue siphon 
chamber and secured with a lock bar. It 
is interesting to note that locks appear 
useless for securing lock bars. They are 
readily broken by vandal-minded boys. 
The District has had considerable suecess 
with this problem by substituting a heavy, 
short bolt serewed up tight. This is not 
easily removed by boys, but is readily 
handled by proper wrenches by the Dis- 
trict. The adoption of this method has 
seemed to eure a considerable amount of 
this type of wreckage. 

“In February, a general survey was 
made of all manholes on the Southeast 
interceptor and the South Park sewer 
system. This work was completed in May. 
The Southeast interceptor was a continual 
source of annoyance, due to children pull 
ing manhole covers and building play- 
houses in the manholes, and also due to 
adults in this area pulling manhole covers 
to relieve flood water following heavy 
rains. Of the 27 manholes inspected, 7 
required cleaning; 6 covers were off and 
one was lost completely. Through the 


TIPS AND QUIPS 953 


swamp area the covers were sealed in place 
by pouring a hot, erack filling compound 
around the edge, thus making it almost im- 
possible to remove the cover except by 
special tools. 

“On the South Park system 94 manholes 
were inspected; 22 were found in need of 
cleaning. This material consisted of tin 
eans, tree branches, and considerable 
gravel, most of which was occasioned by 
the Township road graders on maintenance 
work dragging off the covers, as all the 
streets in this area are unpaved. 

“Three covers were replaced on the 
North Aurora interceptor, and four were 
locked down with bars and bolts fastened, 
as indicated above. 

“During May an old problem was writ- 
ten off. The problem had to do with an 
odor complaint that reeurred annually 
during the summer. The trouble was oc- 
easioned by the fact that two manhole 
covers were placed within a few feet of 
each other. One was the regular manhole 
cover for the North Aurora intereeptor; 
the other was a grated cover admitting 
storm water from the street into a 10-in. 
discharge line to the river. The outlet of 
this discharge had been buried by fill and 
never reopened. As a result, store owners 
at that point were in the habit of changing 
manhole covers so that the storm water 
was removed into the interceptor. <A 
slaughterhouse on this system was in the 
habit of discharging hot, cooked, meat 
liquors, the odors from which were at times 
severe and came through the grated cover, 
to the annoyance of the nearby motion pie- 
ture theatre and stores. Usually, when 
complaints arrived the manhole covers were 
simply shifted to their proper positions. 
Finally, the owners at the fill loeation were 
forced to clear the storm-water discharge 
and the solid manhole cover was sealed on 
the interceptor, thus permanently remov- 
ing the source of this complaint.” 


Smokeless Stack 


Ingenuity and watchfulness in seek- 
ing answers to sewage works problems 
must often extend to matters and af- 
fairs apparently quite foreign to the 
subject at hand. A good example of 
this is contained in the 1948-49 annual 
report of the Green Bay ( Wis.) Metro- 
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politan Sewerage District Commission, 
as follows: 
March 10, 


rineer Was instr 


1949, the District’s chief 
with 
» Green Bay Water Department for the 
brick 
intention being to use the 


Adams Street inter 


“On 
ucted to negotiate 


of an about-to-be-abandoned 
stack, the 
stack as a vent for the 
The Water 
approving the 
stack and instr 


ent to 


up.’ 


ceptor Commi went on 


sion 
record as leasing of their 
ucted the water superintend 
and easement 


have a lease drawn 


Martin, 
superintendent for the District, 


George chief engineer and 
is cer- 
tainly to be commended for making use 


of every available facility! 


Sludge Bed Entrances 


It’s the small things that make life 


interesting annoying 
following item from 
report of R D 


Rochester, 


and sometimes 
the 


ope ration 


as seen in 


the 1949 


Craun, 


Mich 


superintendent at 


sludge 


(1938), the 


were constructed with entrance open 


‘Originally 
beds 
is only 84 in 
at that 


wheels it 


drving 
wide. This was no doubt 
time, but with the advent 


dual was no longer sufficient 


For a number of years, any of the village 
trucks h 
then foreed through, with the tires rubbing 


When the truck 


1948 it discovered 


ac o he ahened perfectly and 


new was 
that 


seve? al 


on each ide 


in was 
it could make entrance by 


This was also a handicap to sev 


try 
truck 


conditioner at the plant. Un- 


owners, who wished to 
purchase soil 
less some had been stoekpiled they could 
not 

The d 


but were 


thick, 
entrances by 
Slots for 
these 
Entrances 


bed walls are 8 in 
terminated at the 
pilasters about 14 in 
the stop-plank 
pilasters for a depth of + in 


square 


were recessed into 


02 in. wide could be obtained by removing 


the projections which formed the slots. 
This was the procedure used for the first 
very difficult to pro 
ob if only the projec 


On the 


bed, but it was found 
duce a satistactory 
tions were removed remaming 
beds, the pl 


and the walls kept to a uniform thickness 


asters were removed entirely 
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to their The forms for the 


wall repairs were set so that the ends co 


termination. 


incided with the outside edges of the con- 
in the beds. TI 
will be 


crete runways is made the 


openings 101 in., which large 


enough for anv contingency It was neces 


sary, Of course, to construct new stop- 


planks to fit the enlarged openings.’ 


Everything but the Kitchen Sink 


Treatment plant personnel are more 
the odd items that 
from time to time. 
nominate for the 

Department an item 

(Mich.) opera- 


or less inured to 
appear in 
However, we'll 
‘*Pouble Take’ 

1947-48 Detroit 
tion report that says: 


sewave 


“Unusual objects continue to appear in 
Last 16-ft. 
tree was removed from the pumping sta- 
This year a boat 8 ft. 
before 


the incoming sewage vear a 


suction well. 
by 3 ft 
it was drawn into the pumps.” 


tion 


long beam was reeovered 


Good Hiding Place 


Another angle of the same problem 
is noted in the 3-year report (1945 
1948) of the Urbana-Champaign (TI 
Sanitary District, which contains in its 
list of ‘‘Events of Unusual Interest”’ 
the following 

“Nov. 24—Police 
search of skimmings 
bills 


company 


Department requested 
for 


and sereenings 


$400 in allegedly stolen from local 


drug and flushed to sewers by 
robbers No trace of bills ever found. pacee 


Apr. 10 


eard in 


Plant operators found license 
Card had 


some of the eontents 


been in 
which 


sereenings 
stolen wallet, 


had been thrown in sewer.” 


Oddly enough, the same report goes 
high regard the 
local sanitary facilities are held by the 
gambling fraternity, with an entry 
that on August 10 the ‘‘County Sher 
iff raided Sunday dice game on ad- 


on to show in what 


jacent city dump grounds. 
all over the 
parked 


grounds.’’ 


Deputies 
place, as players had 


Sanitary District 


cars on 
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Use for Surplus Pumpkins 


A new twist to an old problem is 
contained in a news item in the Belle- 
ville, IL, News Democrat of December 
14, 1949, which says: ‘*City Engineer 
John C. Thompson said today that in- 
stallation of a float-controlled pumpkin 
at the 98th Street lift station would 
eliminate Belleville’s alleged pollution 
of the lakes... .’’ A new type of 
B.O.D. removal unit, perhaps? 


New Recording Turbidimeter 


A new photoelectric instrument that 
automatically measures and records the 
amount of suspended particles in a 
liquid has been announced. Called a 
‘recording turbidimeter,’’ the instru- 
ment provides a means for monitoring 
and controlling processes in treatment 
plants or wherever turbidity is a sig- 
nificant condition of the process. Com- 
pact in design, it automatically gives 
continuous readings of turbidity, al- 
erting the operator when certain pre- 
determined limits are exceeded. 

The recording turbidimeter operates 
on the principle that turbidity of a 
liquid varies in direct proportion to 
the ratio of scattered light to light 
transmitted through the liquid.  Be- 
cause it is a ratio-measuring instru- 
ment, results are not subject to varia- 
tions in color of the liquids under test 
or to variations in voltage supplied to 
the light source used. 

The equipment consists of a sampling 
chamber to be mounted at the process, 
and either a strip chart or cireular 
chart recorder, depending on the par- 
ticular application, which may be lo- 
cated remote from the primary ele- 
ment. The instrument seale can be 
made to read any desired range of 
turbidity, such as 0 to 10 p.p.m., 100 
to 1,000 p.p.m., 90 to 100 p.p.m., ete. 
Operating on a 115-v., 50/60 eyele cir- 
cuit, the equipment has a power con- 
sumption of approximately 150 w. 


Welcome! 


The first issue of The Sewage Works 
Digest, new semi-monthly news publi- 
eation of the Iowa Sewage Works As- 
sociation, made its appearance in May 
of this vear. The Digest, which will 
include organization activities and ex- 
periences of operators, replaces the 
mimeographed bulletin formerly issued 
on an irregular schedule. 

Congratulations and best wishes for 
the success of the new Digest! 


Plant Operation Certificate 


An annual certificate award to the 
best operated water or sewage treat- 
ment plant in Florida has been an- 
nounced by the Bureau of Sanitary En- 
gineering, Florida State Board of 
Health. Size of the plant will be im- 
material. 

Qualifications to be used as a basis 
for judging all plants have been es- 
tablished as follows: 


1. Safe product—whether or not the 
plant effluent is chemically and bae- 
teriologically safe. 

2. Submission of records. 

3. Certification of operators and pro- 
fessionalism. 

4. Good housekeeping. 

5. Public relations. 
6. Cooperation. 
7. Emergeney operation. 

8. Administration. 

9. Preventive maintenance and 
safety. 

Regional and county sanitary en- 
gineers of the State Board of Health 
will nominate a plant in each area for 
consideration for the award, which will 
be presented at the Annual Water and 
Sewage Short Course. 

This type of presentation is not new, 
as other states, particularly Texas and 
Illinois, have been promoting opera- 
tional incentive in this manner for 
years. Florida’s inauguration of the 
award is, however, significant, as it 
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comes at a time when many new plants 
are either beginning operation or un 
der It should provide 
title 


construction 
some real competition for the 


** Best Operated Plant.’’ 


Small Boys Do Better 


The latest in scientific replacement 
of human uncertainty is the announce 
ment of the availability of ‘‘artificially 
soiled fabric 
is intended for the 


wool’ The soiled wool 
and 


evaluation of soaps and detergents in 


measurement 


soiled 
The 


soiled cotton is used to evaluate heavy 


conjunction with a ‘‘standard 


cotton’? announced last spring. 


duty ce the soiled wool, light- 


ergents; 


duty detergents 


issociation 
Pennsylvania Industrial 


Wastes 


Sewage and 


Association 


Canadian Institute on Sewage and 


Sanitation 
West Virginia 
W astes 


Sewage and Industrial 


Association 


lowa Sewage Works Association 


Georgia Water and Sewage Association 


Rocky Mountain Sewage Works 
Association 


South Dakota Water and Sewage Works 
Conference 

Missouri Water and Sewerage 
Conference 

Federation of Sewage Works 
Associations 


Wastes 


Association 


Industrial 


Works 


I ennessee 


Kentucky 


and Sewage 


North Carolina S« wage W orks 


Association 
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The unsoiled virgin wool is washed 
in a nonionic detergent diluted in wa- 
ter and rinsed three times in tap water 
at 110° F. It is then soiled by agita- 
tion in 10 gal. of water while a hand 
homogenized soil, compounded to 
closely resemble the natural soil found 
in soiled garments, is added. 
After soiling the cloth, it is washed. 
rinsed, run through wringers twice to 
obtain an unwrinkled finish, and dried 
overnight in a constant humidity room 
under a protective covering to keep 
dust from bonding to the soil. 


woolen 


It must 
satisfy certain rigid requirements as to 
reflectance limits for acceptance 
Pretty soon even the 
joys of getting one’s hands dirty will 
be dependent on synthetics! 


Ah, science 


MEMBER ASSOCIATION MEETINGS 


Place 
Pennsylvania 
State College, 


State College, Pa. 


Time 


Aug. 23-25, 1950 


Bigwin Inn, Sept. 11-13, 1950 
Lake of Bay, Ont. 

Hotel Pritehard, Sept. 14-15, 1950 
Huntington, W. Va. 

Hotel Blackhawk, Sept. 19-21, 1950 


Davenport, Ia. 


Ga. Institute of 
Technology, 
Atlanta, Ga. 


Sept. 20-22, 1950 


La Fonda Hotel, 
Santa Fe, N. Mex. 


Sept. 27-29, 1950 


Aberdeen, S. Dak. Sept. 28-29, 1950 
Sheraton Hotel, Oct. 1-3, 1950 
St. Louis, Mo 
Hotel Statler, Oct. 9-12, 1950 
Washington, D. C. 
Memphis, Tenn. Oct. 23-25, 1950 
W ashington-Duke Nov. 13-15, 1950 
Hotel, 
Durham, N. C. 
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Federation Affairs 


WASHINGTON CONVENTION PREVIEW 


Preparations for the Twenty-Third 
Annual Meeting of the Federation of 
Sewage Works Associations, to be held 
at the Hotel Statler, Washington, D. C., 
on October 9-12, 1950, have already 
reached the ‘‘final details’’ stage. The 
Maryland-Delaware Water and Sewer- 
age Association and the Federal Sew- 
age Research Association, acting as 
joint to the Federation, have 
many of their members in the Capital 
City area at work on arrangements 
under the general chairmanship of 
Ralph E. Fuhrman, superintendent of 
the District of Columbia sewage treat- 
ment plant and vice-president of the 
Federation. 


hosts 


Hotel Accommodations 


Those planning to attend the meet- 
ing are urged to make hotel reserva- 
tions without delay, as Washington is 
not only a very active convention and 
tourist city, but also is the govern- 
mental center of the country and par- 
ticularly active during the fall months. 
Requests for reservations should be di- 
rected to the Hotel Statler, which will 
be headquarters for all technical and 
social events of the meeting. 


Technical Program 


The technical program, with its usual 
excellent and comprehensive topical 
coverage, is being developed by the 
Publications Committee of the Federa- 
tion, under the chairmanship of F. W. 
Gilereas. Members will have received 
pre-convention announcements of the 
complete program by the time this is 
published. Attention is called, how- 


ever, to the varied and timely subject 
matter in the fields of stream pollution, 
sewage treatment, industrial 
wastes treatment. 

Among the highlights of the program 
will be a full session devoted to an 
‘Industrial Wastes Forum.’’ This 
feature, received with much acclaim at 
its original appearance in the 1949 
Annual Meeting program, should prove 
even more interesting this year to those 
concerned with this phase of pollution 
control. Presided over by R. D. Hoak, 
of the Mellon Institute of Industrial 
Research, the ‘‘Industrial Wastes 
Forum,’’ will deal with such topics as 
pretreatment for recovery of usable 
products, treatment with domestic sew- 
age, B.O.D. of industrial wastes. and 
wastes from certain major industries. 
It will run concurrently during the 
Thursday morning session with the al- 
ways popular ‘‘Operators’ Forum,’’ at 
which CC. C. Larson, chemist of the 
Springfield (Tll.) Sanitary District will 
preside. 

The Wednesday morning session will 
be devoted almost entirely to specific 
industrial waste disposal problems. 
Discussion in this field will include 
papers on performance of oil-water sep- 
arators, treatment of metal-plating 
wastes, and the effect of radioisotopes 
on biological processes. 

Papers of general interest will deal 
with such subjects as measurement of 
flows, B.O.D. data analysis, preaera- 
tion and air flocculation, dual disposal 
of garbage and sewage, circulation in 
tidal estuaries, sewer service and sew- 
age treatment charges, alternating 
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double filtration studies, and stream 
pollution surveys and analyses 

A full afternoon will be devoted to 
an inspection trip that will include tl 
Blue Plains sewage treatment plant of 
the District and the activated sludge 
plant serving the Pentagon 


Preliminary plans call for the usual 
high caliber of speaker to address the 
Annual Federation Luncheon on 
Wednesday noon, October 11. 


Social Program 


Details of the social events of the 
convention are still in process of di 
velopment. Included will be a Recep 
tion-Entertainment on Monday eve- 
ning, October 9, the Annual Dinner 
and Dance on Wednesday evening, Oc 
tober 11, and a full schedule of special 
events for the ladies. In addition, the 
excellent sightseeing possibilities of the 
city and its environs make Washington 
a definite ‘‘must’’ for all who can pos- 
sibly attend 


July, 1950 


Manufacturers’ Exhibit 


Member companies of the Water and 
Sewage Works Manufacturers’ Associ- 
ation are indicating intense interest 
in the annual equipment display. Full 
occupation of the exhibit area by an 
interesting and diversified showing of 
currently available equipment and sup- 
plies in the several phases of sanitation 
work is thus assured. 


Announcement to Membership 


All Active and Corporate members 
of the constituent associations of the 
Federation have been sent a formal an- 
nouncement of the convention. Con- 
tained therein are further details of 
value to those planning to attend. 
Early reservation of hotel accommoda- 
tions is particularly urged, and should 
he placed directly with the Hotel 
Statler. Mention should be made when 
requesting reservations that the ae- 
commodations are sought for the Fed- 
eration convention, 


MAKE YOUR HOTEL RESERVATIONS 
FOR THE WASHINGTON CONVENTION 


The Hotel Statler at Washington, D. C. headquarters for the 
Twenty-Third Annual Meeting of the Federation in October, has set 
aside ample accommodations for most of the out-of-town registrants. 

Requests for room reservations should be addressed directly to the 
hotel. Note that the technical program will open on Monday morning, 
October 9, and will close at noon on Thursday, October 12. 


WRITE NOW FOR YOUR RESERVATIONS! 
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Reviews and Abstracts” 


Biological Studies on Activated Sludge in 
the Purification of Sewage. II. Charac- 
teristics of Activated Sludge Biota and 
its Ecological Classification. By Isamu 
Horasawa. Journal, Water Works and 
Sewerage Assoc. (Japan), No. 18], 8 
(1949). 

Protozoa, which are the most dominant 
form of the population, are represented 
mainly by sessile forms and those creeping 
on the surface of other substances. Free 
swimming forms are rare. The organisms 
in activated sludge are classified into the 
following types: 

1. Non-activated sludge type: Free- 
swimming forms taking their nutrient from 
material in suspension or solution (such as 
Colpidium, Paramoecium, Monadinium, 
Euglena, Peranema, Pleuromonas, etc.). 

2. Intermediate sludge type: Those able 
to swim freely, as well as creep on the sur- 
face of other substances, and obtain their 
nutrients from material in suspension and 
from material adsorbed on the surface (such 
as Lionotus, Loxophylum, Chilodonella, 
Chilodonopsis, Oxytricha, Stylonychia, 
etc.). 

3. Activated sludge type: Organisms 
with sessile habit or habit to creep on the 
surface of other materials (such as Aspi- 
disea, Dysteria, Vorticella, Epystilis, Car- 
chesium, Opercularia, Amoeba, etc.). 

H. HeEUKELEKIAN 


Experimental Studies on the Utilization of 
Copper Mine Stones as Trickling Filter 
Media. By Isamu Horasawa. Jour- 
nal, Water Works and Sewerage Assoc. 
(Japan), No. 171, 15 (1949). 

The use of stones wasted from a copper 
mine, as replacement for the stones of an 
existing trickling filter plant, was consid- 
ered. The decision hinged on the possible 
toxicity to the organisms, due to copper 
ions dissolved from such stones. Experi- 
mental work with a small trickling filter 


showed that the stones containing copper 
did not damage the organisms in the film 
and, therefore, would be safe to use as a 
filter medium. H. HEUKELEKIAN 


Biological Studies on Activated Sludge in 
the Purification of Sewage. I. Studies 
on the Structure of Biotic Communities 
in Activated Sludge. By Isamu Hor- 
ASAWA. Journal, Water Works and 
Sewerage Assoc. (Japan), No. 178, 2 
(1949). 

Qualitatively, the biological population 
of activated sludge includes members be- 
longing to Protozoa, Rotifers, Nematodes, 
Schizophycea, Bacillaracea, and Chloro- 
phycea. The dominating members were 
of protozoa species (60 to 70 per cent of the 
total number), especially ciliates (35 to 50 
per cent). On a quantitative basis, more 
than 98 to 99 per cent of the population 
was protozoa, in which the rhizopods and 
the ciliates prevailed. The number of 
species of various types of organisms in 
activated sludge was lowest in winter and 
highest in summer, whereas the number of 
individuals decreased in summer and in- 
creased in winter. Operating conditions, 
such as aeration time, amount of sludge, 
and amount of sewage treated, affect the 
population. The greater the strength of 
sewage, the higher is the total population. 

H. HeEUKELEKIAN 


The Treatment of Industrial Waste Waters 
Especially Those from Metallurgical 
Plants. By M. Retanier. La Tech- 
nique de l’ Eau (Belgium), 3, 11, 11 (Nov., 
1949). 


Pollution studies on the River Sambre 
are described wherein waste waters cause 
a rise in river temperature of from 20° to 
50° C. in about 3 mi. Preliminary studies 
included an accounting of the water needs 
as to quantity and quality, and the analyses 
of effluents and their variability in compo- 


* Please send to Federation headquarters all periodicals, bulletins, special reports, ete., 
which might be suitable for abstracting in Tu1s JouRNAL. 


Publications of public health de- 


partments, stream pollution control agencies, research organizations, and educational institu- 
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sition. The methods used in this investi- 
gation are described and also those used in 
tests of various treatment methods. Three 
industries around Charleroi produce wastes, 
each needing separate treatment. Waste 
water from wet dust collectors of a central 
powerplant requires settling and filtration 
whereas for the wastes from glass polishing 
plants sedimentation is sufficient with a 
re-use of the decanted liquor. Water used 
for coke processing is treated by passage 
through 3 basins, the first serving for flow 
regulation, the second giving 24-hr. sedi- 
mentation, and the third additional sedi- 
mentation and filtration through its own 
silt deposit. By-product wastes are co- 
agulated with lime and ferrie chloride 
strained, and settled with upward flow 
through a sludge blanket. Some of the 
treated water is re-used Gas washing 
water is coagulated with lime, the decanted 
water being used in coke quenching for the 
complete elimination of cyanides and 
phenols 

Analyses are given of the various raw 
and treated waters. Requirements allow- 
ing up to 60 p.p.m. suspended matter, 
cyanides less than 2 p.p.m., and phenols 
less than 5 p.p.m. are met with the treat- 
ments described. Max SuTer 


A Study of the Phenomenon of Disinte- 
gration of Activated Sludge. I. Effect 
of Rate of Aeration. By Isamu Hor- 
asawa. Jour. Public Health (Japan), 
1, 327 (1942) 

The disintegration of activated sludge 
is accompanied by a large increase in the 
numbers of amoebae, which constitute 
more than 60 per cent of the suspension in 
the supernatant. The mechanism of dis- 
integration results from the mechanical de- 
flocculation of amoebae from the surface of 
sludge masses into the supernatant The 
deflocculated amoebae tend to sink slowly 
in winter, due to the high viscosity of the 
liquor Experimental work showed that 
the number of deflocculated amoebae in- 
creased as the rate of aeration was in- 
creased. The amoebae in the liquor im- 
part high turbidity and oxygen consuming 
power This phenomenon occurs with 
rates of aeration above 501. per hr. for 400 
ml. of activated sludge mixture. Up to 
half the above rate of air, turbidity in the 
effluent decreased There are, thus, two 
counteracting forees—the tendenev of the 


sludge to remove turbidity from sewage, 
which takes place with lower rates of aera- 
tion and no deflocculation of the amoebae, 
and the disintegration of the floe with 
higher rates of aeration, resulting in an in- 
crease of turbidity and the deflocculation 
of the amoebae. The critical rate of aera- 
tion, beyond which deflocculation occurs, 
is set between 20 and 50 1. per hr. per 400 
mil. of mixed liquor (40 to 100 cu. ft. of air 
per gallon for 6 hr.). The author advo- 
cates the use of double sedimentation when 
sludge disintegration occurs. In the first 
tank, the activated sludge is settled; in the 
second, the floating amoebae are settled. 
The sludge would be recirculated only from 
the first tank, thus avoiding the recircu- 
lation of the amoebae to the system. 
H. HeuKeLEKIAN 


Some Effects of Anaerobic Digestion on 
Sewage Sludge. By A. M. Rawn anp 
J. Canpet. Proc., Amer. Soc. Civil 
Eng., 74, 9, 1467 (1948). 

The authors conclude that “where sludge 
banks will not be formed, there is little, if 
any, reason why well-digested sewage 
sludge may not be disposed of by dilution 
along with a primary, clarifier effluent if 
conditions will permit disposal of the latter 
with safety.” 

Three series of tests using single and 
stage digestion were made. Tables and 
graphs showing reductions in 5-day B.O.D., 
total oxygen demand, total solids, grease 
content, and coliform densities indicate 
best results from stage digestion. It was 
concluded that substitution at the Los An- 
geles District plant of ll-day four-stage 
digested sludge for 60-day-old sludge will 
not materially alter those characteristics 
investigated and that “the influence of 
adding 11-day-old or 60-day-old sludge to 
primary clarified effluent is probably less 
than daily variations in the character of 
the effluent itself.” 

It was also shown that the addition of 
digested sludge to clarifier effluent would 
raise the chlorine demand but little. 


Discussion. By W. E. Anporr anp Ros- 

ERT Leaver. Proc., A.S.C.E., 75, 
5, 703 (1949) 

Mr. Abbott states that only part of the 
volatile suspended solids are reduced in 
digestion and these, combined with the 
suspended solids not removed by settling, 
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more than double that value and reduce 
efficiencies. 

Mr. Leaver does not favor wasting of 
sludge where it can be used to build up soil 
and suggests that, where possible, it be 
used in the liquid state. He points out 
that although the increase in B.O.D. was 
smal! due to the addition of digested sludge 
to clarifier effluent, the sludge is in the form 
of settleable solids and will cause sludge 
banks in the stream. 


Discussion. By A. L. Genrer. Proc., 

A.S.C.E., 75, 7, 1061 (1949). 

Mr. Genter questions the use of B.O.D. 
determinations in assessing the strength of 
sewage sludge and decries wasting sludge 
to waters instead of returning it to the soil. 


Discussion. By A. M. Rawn anp E. J. 
Proc., A.8.C.E., 75, 10, 1505 
(19-49). 

Answer to the several discussions points 
out that the volatile solids in well-digested 
sludge are not putrescible and can be com- 
pared to leaf mold. It is emphasized that 
digested sludge be added only to primary 
clarifier effluent where there is no danger 
of sludge banks and when there is no eco- 
nomical means for disposing of dried sludge. 

Wituram A. HAsSFURTHER 


Water Pollution Control by Interstate Co- 
operation—A Symposium. Proc., Amer. 
Soc. Civil Eng., 75, 9, 1251 (1949). 
Representatives of several agencies de- 

scribe their legal status and powers, for- 

mation, operations, and success. 


New England Pollution Control Compact. 

By Warren J. Scort. 

The organization has no regulatory 
powers and operates largely on cooperation 
and support of the participants. Its chief 
functions are to classify streams according 
to highest use, to set up standards, and to 
assist the states in formulating treatment 
programs that will meet these standards. 
No examples of achievements are given. 


Classification of Massachusetts Streams. 

By Arruur D. Weston. 

Streams have been classified in five 
grades. The system of classification, which 
is predicated on stream usage, and a map 
showing streams and their classifications 


REVIEWS AND ABSTRACTS 961 


are given. The condition of the most im- 
portant streams is discussed, charts show- 
ing B.O.D. and D.O. results for sections in 
them are presented, and some plans for 
improvement of polluted sections are out- 
lined. 


Sanitation Commission for New York, 
New Jersey, and Connecticut. By 
Seru G. Hess. 

This commission has authority to com- 
pel the abatement of pollution and to con- 
trol activities of existing treatment works, 
but only uses these powers to supplement 
those of state or local agencies. The meth- 
ods of cooperation and assistance through 
the commission’s engineering and labora- 
tory staff and facilities are described. 


Rivers and Harbors in the Delaware River 

Basin. By Jaues H. ALLEN. 

The Interstate Commission on the Dela- 
ware River Basin (Incodel) supplements 
and coordinates the activities of all regula- 
tory pollution agencies in the basin. Some 
of the general problems and results of co- 
operative action under the guidance of the 
commission are cited. 


Stream Sanitation in the Tennessee Val- 
ley. By Ropert N. Ciark. 

The Tennessee Valley Authority stream 
sanitation program assists the state agen- 
encies in the valley by helping to gather 
data on river pollution and waste discharge, 
maintaining records, and obtaining infor- 
mation that will enable the interested 
agencies to set up criteria on water quality 
and treatment standards. It also supplies 
information to use in determining types or 
methods of treatment, helps the states to 
encourage adequate waste disposal, traces 
objectionable wastes, and assists in build- 
ing strong local control agencies that can 
function without federal assistance. Some 
of the ways in which cooperation and assist- 
ance were given are described. 

A. HasFuRTHER 


Potomac Valley Conservancy District 
Takes the Offensive Against Pollution. 
By Harotp A. Kemp. Civil Eng., 20, 
1, 33 (Jan., 1950). 

The organization of the Potomac River 

Basin Commission, the extent of domestic, 

industrial, and soil pollution, and some of 
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the progress made in planning and treating 
wastes are briefly discussed. The Com- 
mission has no enforcement powers, but op- 
erates as a planning and publicity agency, 
its recommendations to the signatory bodies 
being morally, but not legally, binding 

Problems facing some of the commun- 
ities are mentioned and a map is included 
showing the classified river water quality 
in the basin 

A. HasFuRTHER 


Report on the Operations of the Birming- 
ham, Tame and Rea District Drainage 
Board (1946-49). 

The 

104,372 acres, with an estimated popula- 

tion of 1,328,870. The dry-weather sew- 


age flow is 


main sewerage district includes 


Imp U.8 

m.g.d 

Tare Valley 545 65.4 
Colne Valley (Yardley) 6.0 7.2 
Blythe 1.0 1.2 
Total 61.5 73.8 


The Minworth works are overloaded 
Electrically driven traveling distributors 
for 8 acres of trickling filters are being pro- 
vided in place of fixed spray jets. The 
alternating double filtration system is also 
being installed, with four additional humus 
tanks (SO ft. diam., 20 ft. deep) equipped 
with rotating scrapers. The Board also 
proposes to abandon the Saltley, Ashold, 
and Tyburn works and divert the tributary 
areas to the Minworth works. The Coles- 
hill plant requires extension, as the flow 
has increased from 30 to 43 g.c.d. (Imp.) or 
from 36 to 51.6 g.e.d. (U.S.). 

At three generating stations, sludge gas 

has generated electric ity in 12 gas engines 
2,562 hp Between April, 1947, and 
March, 1946, 1,000,000 eu. ft. of gas were 
sold ip gas cylinders. The sludge gas is 
first washed under pressure to remove the 
earbon dioxide and then compressed to 
1,800 p.s.i, During the year ended March 
$1, 1949, 23.625 tons of air-dried digested 
sludge was sold for use as fertilizer 


LANGDON PEARS! 


Copper and Chromate Ions in Sewage Dilu- 
tions —-Effect on B.O.D. By O. R 
Pracak, C. C. Rucuuorr, anp R. G 
Snapp. Ind. and Eng., 41, 10, 2238 

1949). 
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This paper deals with the effect of copper 
and chromate ions on the biochemical oxy- 
gen demand of sewage dilutions. The find- 
ings are that copper in concentrations of 
0.01 p.p.m. or greater in the incubated 
sample will prevent the determination of 
the true B.O.D. The maximum concen- 
tration of copper in B.O.D. dilution water 
should, therefore, not exceed 0.01 p.p.m. 
Copper present to the extent of 1 p.p.m. 
will result in recovery of only about 25 to 
35 per cent of the true 20° C. B.O.D. 
Chromates, if present in concentrations of 
greater than 0.3 p.p.m. Cr, will give appre- 
ciably lower results than the true B.O.D. 
At 1.0 p.p.m. Cr, only SO per cent of the 
B.O.D. is recovered. However, with con- 
centrations of less than 0.3 p.p.m. Cr nitri- 
fication is suppressed with but little inhi- 
bition of the B.O.D. Under this condition, 
B.O.D. results obtained will be lower than 
those obtained in the absence of chromium, 
by the oxygen equivalent of the nitrifica- 
tion which might normally have occurred. 

Tables and figures indicating the per 
cent recovery of B.O.D. as a function of 
copper and chromium concentrations are 
presented. With the aid of these data the 
normal B.O.D. which would have been 
determined in the absence of copper or 
chromium may be approximated. 

D. Haney 


Investigation of Methods for Alleviating 
the Pollutional Effects of Douglas-Fir 
Ethanol Stillage. By W. B. Bowen. 
Bulletin 2, Oregon Forest Prod. Lab. 
(Sept., 1948). 

For the production of aleohol from wood 
sugar, the wood waste is first hydrolyzed 
with dilute (0.5 to 0.6 per cent) sulfuric 
acid at 150° to 180° C., followed by neutral- 
ization of hyvdrolvzate, filtration, and con- 
tinuous fermentation of the neutralized 
sugar solution by veast. One ton of wood 
waste vields 60 to 65 gal. of 95 per cent 
ethanol. At Springfield, Ore., a plant was 
constructed with a capacity of 5 to 6 m.g. 
of alcohol per year from a daily consump- 
tion of about 600 tons of sawmill wood 
waste. In addition to alcohol, the follow- 
ing by-products and wastes are obtained 
per day: 100 tons of lignin, 33 tons of 
gypsum, 3 tons of furfural, 2.5 tons of 
methanol, 11.8 tons of unfermented sugars 
(xylose), 0.5 m.g. of stillage and 3 m.g. of 
condenser water. The stillage raises a dis- 
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posal problem. It contains unfermented 
sugar, some furfural, organic acids, ete. 
Discharge of the stillage to the river is not 
feasible because of the high B.O.D., odors, 
color, destruction of fish life, ete. The stil- 
lage has a 5-day B.O.D. of 6,000 p.p.m. and 
a total B.O.D. load of 25,000 Ib. per day. 
The treatment of the stillage for yeast pro- 
duction removes only 40 per cent of the 
B.O.D. The recovery of xylose from the 
stillage would lower the B.O.D. by about 
25 per cent. 

The present study was directed speci- 
fically to methods of treatment of stillage 
for B.O.D. reduction. 

Treatment with chemicals was imprac- 
ticable. Aeration of the stillage for as high 
as 10 to 20 days resulted in an increase in 
B.O.D. The inoculation of the waste with 
Oidium lactis and Pseudomonas aeruginosa, 
with supplementation of nitrogen, gave 
substantial B.O.D. reductions in 5 days 
(25 to 30 per cent), which increased with 
longer periods of aeration. 

Laboratory experiments on ponding with- 
out percolation gave no B.O.D. reduction 
after 7 days. Ponding with percolation 
gave a colorless percolate with a 90 per cent 
reduction of B.O.D. Field percolation 
tests showed that the top layers of dry soil 
were temporarily permeable and that per- 
colation through saturated top soil was too 
slow to be of practical significance. 

Of various disposal possibilities investi- 
gated, trickling filters showed promise. 
With supplemental aeration and recircula- 
tion, approximately 50 per cent of the 
B.O.D. was removed at a rate of applica- 
tion of stillage of 1 gal. per cu. ft. per day. 

A species of Fusarium added to stillage 
with aeration and recirculation in a gravel 
tower gave a destruction of 85 per cent of 
the sugar and 20 per cent of the B.O.D. 

H. HeuKELEKIAN 


A Comparative Study of Media for the 
Detection of Streptococci in Water and 
Sewage. By W. L. MALLMANN AND 
Ek. B. SenigMann. Amer. Jour. Public 
Health, 40, 3, 286 (1950). 

Four bacteriological media for detecting 
streptococci in water were compared in two 
series of tests, the first using sewage-pol- 
luted river water and the second using 
swimming pool water. The media were: 
standard lactose broth, sodium azide broth 

Mallmann), Hajna and Perry’sS.F. (Strep- 
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tococcus faecalis) broth, and azide dextrose 
broth (Rothe). 

The dextrose azide broth gave strepto- 
coccus indices much higher than the other 
media produced in both series of tests. It 
was concluded that azide dextrose offers 
the best medium of those tested for the 
quantitative determination of streptococci. 

M. R. 


Effect of Treatment at the Sewage Works 
on the Numbers and Types of Bacteria 
in Sewage. By L. A. 
Brooks, AND Irene L. 
Journal of Hygiene (Brit.), 47, 3, 303 
(1949). 

The paper deals with the bacteriological 
quality of effluents from different units of 
two sewage treatment plants. One, a 
small rural plant containing no industrial 
waste with a flow of 28,000 g.p.d., had pro- 
vision to treat sewage by sedimentation 
and trickling filters. followed by intermit- 
tent sand filtration. The second plant had 
a dry-weather flow of 6.5 m.g.d., of which 
one-third was industrial wastes. This 
plant had provision for treating sewage by 
two-stage sedimentation, followed by bio- 
flocculation and trickling filters. Bacteri- 
ological determinations were made only of 
the secondary units of the two plants. The 
determinations consisted of nutrient agar 
counts at 20° C. (presumptive counts of 
coli-aerogenes group, feeal B. colt, and fecal 
streptococci). 

The results showed that there was a gen- 
eral tendency for bacterial counts (total 
plate counts, coli-aerogenes and fecal strep- 
tococei) in settled sewage to be higher in the 
warmer months. The lower counts in win- 
ter were not due to greater dilution, be- 
cause the B.O.D.’s of the summer and 
winter samples were about the same. The 
average total numbers of bacteria in the 
sewage containing industrial wastes were 
higher than those of domestic sewage, but 
the counts of fecal organisms were lower. 
It was ascribed to an actual multiplication 
of the bacteria in the sewage during the 
warmer months. The numbers of bacteria 
in the effluent from the same units fluetu- 
ated, but generally were decreased by the 
treatment. The effluents, however, con- 
tained a very large number of bacteria. 
The second plant gave an 80 per cent over- 
all removal of bacteria. An additional 8 
to 10 per cent was removed by subsequent 
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treatment in pressure sand or anthracite 
filters (semi-scale experimental filters). At 
the small rural plant, where the rate of 
treatment was much lower, more than 90 
per cent of the bacteria was removed by 
the trickling filters and a further 6 per cent 
by subsequent passage through shallow 
gravity sand filters. 
H. HeuKELEKIAN 


Destruction of Bacteria in Sewage and 
Other Liquids by Chlorine and by Cya- 
nogen. By L. A. ALLEN AND EILEEN 
Brooks. Journal of Hygiene (Brit.), 
47, 3, 320 (1949). 

With subresidual chlorination the bac- 
tericidal action depends not only on the 
proportion of the demand satisfied, but 
also on the absolute size of the dose. With 
doses just sufficiently large to give an ortho- 
tolidine residual, reduction in plate count 
of bacteria after 15-min. contact ranged 
from 96.2 to 98.7 per cent. The destruc- 
tion of bacteria increases with the contact 
time. With longer contact times the num- 
With higher 
initial concentrations of chlorine resulting 
in higher initial destruction, the period 
required before aftergrowth becomes pro- 
longed and the subsequent increase is 
The effectiveness of chlorination 
should be judged not only by the percent- 
age of destroyed after a short 
period of contact, but also by the interval 
which elapses before aftergrowth becomes 
appreciable 


bers tend to Increase again. 


greater. 


bacteria 


The numbers of protozoa in 
unchlorinated sewage and in sewage chlori- 
nated with low doses of chlorine were high 
after incubation. In sewage chlorinated 
with higher doses there were no protozoa. 
This is in accordance with previous obser- 
vations by Rudolfs and Gehm that the 
destruction of protozoa by chlorine had 
removed the factor largely responsible for 
restricting the population. The bacteria 
isolated from sewage chlorinated with high 
doses and showing a high level of popula 
tion during aftergrowth were gram nega 
tive and 


Pseudomonas 


rods, consisted primarily of 
The aftergrowth in chlori- 
nated sewage is due to organisms that have 
survived treatment, rather than to con- 
taminants introduced after chlorination 
Chlorinated sewage, upon dilution with 
river water and 2-day storage, showed very 
high increases in bacterial numbers. 
Chlorination of sewage containing indus- 
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trial wastes gave greater bacterial kills 
than similar doses applied to domestic sew- 
age. Such industrial wastes, after chlori- 
nation, were also found to be highly toxic 
to fish. It was found that the substance 
mainly responsible for the toxicity was 
eyanogen chloride, formed from the reac- 
tion between chlorine and thiocyanate in- 
troduced originally as a constituent of gas 
liquor. In substrates containing gas liq- 
uor, aftergrowths after chlorination did not 
take place. The immediate bactericidal 
effect of cyanogen chloride was much less 
marked than that of chlorine. With doses 
up to 9.3 p.p.m. of cyanogen chloride, the 
kill of bacteria after 1 hr. ranged from 0 to 
39 per cent. The bactericidal effect was, 
however, much more persistent than that 
of chlorine, the population seldom reaching 
the original level after storage. 
H. HeuKELEKIAN 


River Pollution Prevention. 
745 (Dee. 16, 1949). 
The Rivers Pollution Prevention Sub- 

Committee of the Central Advisory Water 

Committee recommends that the Rivers 

Pollution Prevention Act of 1876 be re- 

pealed and a new act adopted. It is 

recommended that the provisions of the 

Salmon and Freshwater Fisheries Act of 

1923 be retained as a separate part of the 

new Act. 

Recommended changes from the Act of 
1876 number 15. They may be grouped 
under the headings: (1) Sewage pollution 
and industrial pollution; (2) 
liquid effluents; 


Surveyor, 108, 


standards for 
3) consent to proceedings; 
(4) control of new openings into streams; 
(5) notice of changes in liquid effluents; (6) 
solid matter; and (7) tidal waters. 

T. L. Herrick 


River Boards. 
1950) 


Surveyor, 109, 49 (Jan. 27, 


By the end of 1951 it is to be expected 
that river boards will have been created in 
accordance with the River Boards Act of 
1948 in sufficient number to cover the whole 
of England and Wales. These boards will 
take over the duties of the present catch- 
ment boards and will have the additional 
responsibilities of pollution prevention and 
fishery protection. The boards will pre- 
scribe (with the consent of the Minister of 
Health) the effluent standards to be main- 
tained by the various local authorities, 
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It is not contemplated that the boards 
will dictate the design or operation of sew- 
age works; they will fix the effluent stand- 
ards and the local authority will determine 
how to attain those standards. 

T. L. Herrick 


Fundamentals of Sewage Effluent Recir- 
culation. By W. Watson 8. R. 
Twine. Jour. and Proc., Inst. Sew 
Purif., Part 2, 107 (1949). 

An abstract of this paper appears in 
Sewage Works Journal, 21, 6, 1113 (Nov., 
1949). It was prepared from a report of 
the original paper which appeared in The 
Surveyor. T. L. Herrick 


Mechanical Flocculation in Sewage Puri- 
fication. By Joun Huriey ann W. F. 
Lester. Jour. and Proc., Inst. Sew. 
Purif., Part 2, 193 (1949). 

An abstract of this paper appears in 
Tus JouRNAL, 22, 1, 143 (Jan., 1950). It 
was prepared from a report of the original 
paper which appeared in The Surveyor. 

T. L. Herrick 


Symposium on Methods of Sludge Dis- 
posal. Jour. and Proc., Inst. Sew. Purif., 
Part 2, 121 (1949). 

The reports of the papers in this sym- 
posium are rather brief. The papers are, 
“Disposal at Sea,”’ “Mechanical Drying,” 
“Filter Pressinz,”’ ‘Heat Treatment of 
Sludge,” ‘‘Land Treatment of Sludge,” and 
“Vacuum Filtration of Sewage Sludge.” 
Values in the last paper indicate higher per 
cent requirements of ferrie chloride than 
obtained in the United States. Also, the 
cake moisture values quoted are much 
higher. T. L. Herrick 


Control of Flies Breeding in Percolating 
Sewage Filters—Part 2. By T. G. 
Tomunson, J. Grinptey, Rita Cot- 
LETT, AND MarGaret J. Muvtrpen. 
Jour. and Proc., Inst. Sew. Purif., Part 
2, 127 (1949). 

Experiments were carried out in 1948 
on methods of controlling flies in heavily 
loaded filters and to simplify further the 
method of applying the insecticide by add- 
ing a water-dispersible powder to sewage 
supplied to a group of filters. The powder 
used was P520, containing 6.5 per cent of 
the gamma isomer of hexachlorocyclohex- 
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ane (Gammexane). Tests were carried on 
at some 10 sewage works. 

It was found that Gammexane P520 was 
effective in controlling Psychoda and Ani- 
sopus. It was applied at a rate of 16 |b. 
per acre of filter. In each case, the filters 
were shut off for 24 hr. immediately after 
treatment. Later work indicated that 
little effectiveness would be lost if the filters 
were continued in operation. The insec- 
ticide acts quickly (within a day of appli- 
cation) and is effective for about 2 weeks. 

T. L. Herrick 


The Control of Anisopus Fenestralis, and 
Factors Influencing the Numbers of 
Anisopus Caught in Surface Traps. By 
S. H. Jenkins, Bains, ano H. A. 
Hawkes. Jour. and Proc., Inst. Sew. 
Purif., Part 2, 178 (1949). 

This paper is a record of the work done 
at the Minworth works of the Birmingham, 
Tame and Rea District Drainage Board in 
1947 and 1948. In 1947 Gammexane 
D929 containing 13 per cent gamma isomer 
was applied to plots at rates of 5, 10, 20, 
and 40 lb. D929 per acre. DDT was ap- 
plied at rates of 15, 30, 60, and 120 lb. per 
avre. This phase of the work was done on 
13 acres of filters fed by travelling distrib- 
utors. Each test plot was about 1/6 acre 
in area and five such plots were used as 
control. 

The chemicals were applied to another 
block of § filters receiving activated sludge 
effluent (partial treatment) from fixed 
sprays. ‘The filters were allowed to rest 
for 18 hr. after each application. 

Shallow 1-ft. square trays were inverted 
and placed on the surface of each plot. 
The Anisopus in the trays were counted 
twice a week, and this result was assumed 
to be a measure of the number of flies in 
the filter. 

In 1948 the 41 acres of filter were treated 
with Gammexane at a rate of 10 Ib. D929 
per acre. Frequency of treatment in the 
various blocks of filters was determined by 
the abundance of Anisopus larvae in the 
filter. Some were treated 4 times between 
January and June; one block of 7 acres was 
not treated at all. It has been found that 
relatively few adults reach maturity from 
the larvae present in July and August. 

The Gammexane is cheaper than DDT 
to apply for the control of the filter fly 
Anisopus at the Minworth works. An ap- 
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plication of 10 lb. Gammexane D929 per 
acre was effective for 3 to 6 weeks 

Hand application gave slightly more ef- 
fective control than application of emulsion 
but was more costly 


T. L. Herrick 


to the feed liquor, 


Maryland Water Pollution Control Com- 

mission: Second Annual Report, 1948. 
wreface to this report, covering the 
1948, to June 30, 1949, states 
that the activities of the Commission were 


The | 
period July | 


productive of more significant results than 
in any This has resulted 
from field work undertaken previously, and 


previous year 
a greater industrial and municipal con 
sciousness of the pollution problem, whic! 
has led to a better understanding between 
industries, farmers 


State agencies, cities 


TABLE I. 


Determinations 


ernge 
ny month 


on and manganese Maximum 


Maximum 


Maximum 


Other conditions 


subs tances 


Othieialls 
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and sportsmen. Some 403 industries and 
municipalities were visited during the peri- 
od. These investigations described 
briefly and tabulated according to type. 
Excellent cooperation with the Commis- 
sion is evidenced by the fact that it was 
necessary to issue only 8 specific orders, 
and there was only one instance of legal 
procedure to enforce compliance. 


are 


The report describes the facilities and 
equipment of the Commission, and reviews 
the general nature of pollution problems in 
Maryland. The policy and program of 
the Commission are given, together with a 
differentiation of authority and jurisdic- 
tion between the State Department of 
Health and the Commission. 

Special activities during the period in- 


cluded recommendations for improved 


Criteria for the Classification of Maryland Streams ' 


Class B 


Class C 


Unsatisfactory 
source of wate 
unsuitable 
1abitat and 
recreational water 
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Less than 4.0 


Less than 3.0 


Over 7.4 
Leas than 3.8 or 
over 10.5 
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Toxic substances 
oil or tars present 
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and odor produc- 
ing substances 
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producing 
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operation ef Baltimore’s Back River sew- 
age treatment plant; apprehension of ves- 
sels charged with oil pollution in the harbor, 
and posting warning notices against pollu- 
tion from this source; and establishment of 
24 sampling points for a survey of the 
Potomae River. 

An appendix to the report contains the 
Maryland water pollution control law, reg- 
ulations published by the Commission, and 
criteria for the classification of Maryland 
streams (Table I). Of interest are the 10 
requirements that must be met by indus- 
trial waste effluents before discharge, as 
follows: 


1. Settleable solids—Must not exceed 
400 p.p.m. 

2. Turbidity—Must transmit 10 per 
cent of light through 12 in. of sample in a 
3-in. column or not to exceed 300 p.p.m., 
as determined by the Jackson candle 
turbidimeter. 

3. Oxygen consumption— Must not ex- 
ceed 50 per cent of normal saturation of 
1).0. in the receiving stream. 

4. Toxicity or toxic compounds—Elim- 
inate, or reduce to limits of tolerance, sub- 
stances toxic to humans, livestock, fish, 
aquatic and wildlife. 

5. Color—Color intensity, regardless of 
light frequency, must not exceed 400 p.p.m. 
on the chloroplatinate seale. 

6. Dissolved solids--Must not exceed 
1,500 p.p.m., with the exception of natural 
mineral salts. 

7. pH—Must not range below 5.5 or 
above 8.5. 

S. Temperature—Must be below 100° 
F. in the stream within 50 ft. from waste 
outlet. 

9. Floating solids and liquids—Solids 
must not exceed 1/32-in. particle size. Oils 
and grease must not exceed 30 p.p.m. 

10. Taste and odor—Effluent must not 
exceed threshold odor number of 1,000. 
Mixture of the waste and receiving waters 
shall have a threshold odor number not in 
excess of SO. 

Ricuarp D, 


General Hydraulics and Fluid Mechanics. 
By Apert Paris, Dunod, 
220 pp. (1950). 


This general treatise on the fundamental 
principles of hydraulics and fluid mechan- 
ics is written from the viewpoint of prac- 
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tical application of emperical observation 
and theoretical analysis. In addition to 
the classical phases of the subject matter, 
the author briefly touches on side diver- 
sion weirs, presenting a simplified formula 
of the usual weir type. 

H. P. Orvanp 


Biological Studies on Activated Sludge in 
the Purification of Sewage. By Isamu 
Horasawa. Jour., Water Works and 
Sewage Association (Japan), 148, 2 
(1950). 

In discussing the purely physio-chemical 
and the biological views regarding the 
flocculation phase of the activated sludge 
process, the author supports the latter 
theory based on the following experimental 
evidence. When sewage was aerated with 
artifically prepared inorganic sludges com- 
posed of aluminum and iron hydroxide, 
activated sludge did not develop; instead, 
the floc dispersed. Such inorganic floes 
initially purified the sewage, but after the 
adsorptive power of the floc was exhausted 
purification dropped. With further aera- 
tion a zoogleal floc is formed which is quite 
different from the initial inorganic floc 
added and purification increased. The 
inorganic flocs added have no strength to 
maintain the floc in their proper size and 
no ability to regenerate their surface 
action to purify sewage. The formation 
of activated sludge floc is due to the growth 
of zooglea and not to physio-chemical 
flocculation. The inorganic solids, such 
such as iron, aluminum, and calcium, have 
only a secondary importance in making 
them compact and settleable. 

During the development of activated 
sludge floc, rhizopods and ciliates tend to 
increase and flagellates tend to decrease 
rapidly. In the intermediate stage, inter- 
mediate sludge type of ciliates increase 
and as the amount of activated sludge 
formed reaches a certain point, the acti- 
vated sludge type of ciliates come into 
dominance. Thus, the author recognizes 
three stages in the development of acti- 
vated sludge based on the types of proto- 
zoa. These stages are reversible, in that 
one can pass from the activated sludge 
ciliate stage to intermediate, and even to 
non-activated sludge ciliate stage, with 
accompanying deterioration in the puri- 
fication. 

H. HeukeLeKkian 
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What Can You Learn with a Pilot Plant? 
By B. F. Sranu. Proc., Third Ind. 
Waste Conf., pp. 85-90, Purdue Uni- 
versity (1947 

Fifteen runs were made between May 15, 
1946, and January 31, 1947, on a composite 
portion of the entire flow of paper mill 
wastes at the Terre Haute Paper Co. in a 
pilot plant comprised of a small Spaulding 
precipitator 9 ft. deep, 4 ft. long, and 2 ft. 
wide. Early tests indicated that the use 
of the precipitator alone was not satis- 
factory for complete treatment of the 
wastes. The effluent from the precipita- 
tor was further treated in a trickling filter, 
which was used for treating the sanitary 
sewage from the mill. Two tables are 
given showing the results of the 15 runs in 
the precipitator and in the trickling filter. 
The rate of application varied from 1,850 
to 2,224 g.p.d. per sq. ft., with removals of 
suspended solids and B.O.D. varying from 
43.5 to 64.0 per cent and 8.3 to 10.0 per 
cent, respectively. The highest suspended 
solids removal was 68.4 per cent, the waste 
being applied at the rate of 2,186 g.p.d. 
per sq. ft The highest B.O.D. removal 
was 18.2 per cent, at an application rate 
of 2,180 g.p.d. per sq. ft 

The best result obtained by the use of 
the trickling filter was when 0.55 lb. B.O.D 
was applied per cu. yd. of filter stone. 
The B.O.D. in the effluent was 139 p.p.m.; 
84.8 per cent of the suspended solids were 
removed. A recirculation ratio of 22.6 
was used, however. The B.O.D. in the 
final effluent for all runs varied from 616 
to 139 p.p.m. Percentage-wise, the re- 
sults are good, as the B.O.D. in the waste 
varied from 1,090 to 878 p.p.m. The 
author concludes that the most. satis- 
factory operation for the trickling filter 
was at a recirculation rate of 9 to 1. 

H. Guapys Swore 


Disposal of Wastes from the Paper Indus- 
try. By H. C. Kocn. Proc., Third 
Ind. Waste Conf., pp. 91-97, Purdue 
University (1947) 

To reduce pollution by paper mills 
starting with prepared pulps and waste 
papers, two things are necessary a“ reduc 
tion in volume of the wastes, and recovery 
of by-products 

The article points out many of the dis- 
advantages of a closed system of water 
re-use from the papermaker’s standpoint 
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including increased slime growths, slower 
hydration of fibers at increased tempera- 
ture, increased quantity of short fibers, 
increased suspended solids in white water, 
increased corrosion of stock lines, increased 
dirt, lower pH due to recirculating white 
water, and increased problems of machine 
felt shrinkage and filling. The net result 
is that the mill uses cloudy, colored, white 
water, while clean fresh water is flowing 
to the river as waste. As in every case, 
there are two sides to the story; completely 
closed systems are not practical for the 
mill, so that some compromise must be 
achieved. H. Guapys Swope 


Comments on the Opening of the Fermen- 
tation Process Symposium. By 
Harotp C. Proc., Third 
Ind. Waste Conf., pp. 109-110, Purdue 
University (1947) 

The interest of the brewers of Indiana in 
a threefold program of stream pollution 
prevention, by-product utilization, and 
industrial cooperation with educational 
institutions for research along these lines, 
is outlined. Present use of enriched grains 
for stock feed and surplus yeast for food 
and medical supplements are mentioned 
as well as a sought-after utilization of hops 
from the brewing kettles. 

Kenneta L. 


Progress on the Spray Drying of Dis- 
tillers’ Solubles. By J. W. Ringway, 
W. V. M. Scarsa. 
Proc., Third Ind. Waste Conf., pp. 128- 
137, Purdue University (1947). 

An improved means of handling one 
stage in the recovery of fermented mash 
residue (stillage) is outlined. It is cus- 
tomary to screen and press the stillage. 
The dried pressecake is sold as distillers’ 
light grains. The screen and press liquors 
(thin stillage) can be concentrated to a 
syrup of 25 to 40 per cent solids and this 
syrup mixed with the press cake to be 
dried, yielding dark dried grains. 

However, the dried syrup alone has been 
found superior for certain types of feeding 
and this article describes a spray dryer de- 
veloped for economically drying this 
syrup. In the process the warm syrup 
150° F. and 2,000 Ib. per sq.in.) is 
atomized in contact with a blast of waste 
boiler flue gas at 450° F. Moisture is 
reduced to 3 to 5 per cent. The dried 
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powder is bagged for sale. The drier 
exhaust gases are scrubbed with thin 
stillage to remove entrained powder. The 
unit has a capacity of 2,000 lb. of product 
per hour. 

Major operational problems were: (1) 
Fire hazard due to smoldering material in 
and from the drying chamber; (2) rapid 
wear of the nozzle-whizzer atomizer; and 
(3) excessive fly ash in the product due to 
inefficient performance of boiler fly ash 
separation. 

Kenneth L. Ronpe 


Feeding of Fermentation Waste to Live- 
stock. By W. M. Berson. Proc., 
Third Ind. Waste Conf., pp. 165-170, 
Purdue University (1947). 

Recent developments in the field of farm 
animal nutrition have indicated that there 
is considerable value in the proper use of 
distilling and brewing industry waste 
products as feeds. 

Fermentation by-products may be di- 
vided into two general classes: (1) The 
distillers’ solubles and yeast products, 
which are abundant in fat, protein, and 
water soluble vitamins, but relatively low 
in fiber; and (2) brewers’ grains, which are 
fibrous, high in proteins, but lower in “B” 
vitamins. 

The distillers solubles and yeast products 
are especially adaptable for feeding single- 
stomached animals, pigs, poultry, and very 
young calves, which cannot utilize fibrous 
material. 

The ruminant animals, the cow and 
sheep, can utilize fibrous material and are 
also capable of synthesizing vitamins and 
proteins in the rumen. Wet or dried 
brewers’ or distillers’ grains are suitable 
feeds. 

Experimentally proven feed formulas 
are given, indicating the optimum quanti- 
ties of fermentation by-products which 
can be fed to swine, beef cattle, and lambs. 

Kennetu L. Ronpe 


Regeneration of Chromic Acid Solutions 
by Cation Exchange. By Raymonp L. 
Costa. Ind. and Eng. Chem., 42, 2, 
308 (Feb., 1950). 

Chromic acid baths rendered useless as 

a result of accumulation of dissolved metals 

such as aluminum, copper, and iron can be 

regenerated by passing them through an 
oxidation-resistant cation exchange resin. 
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The exchange resin removes the metal ions 
by exchange with hydrogen ions, rendering 
the bath suitable for re-use and conse- 
quently minimizing to a great extent the 
problem of disposing of solutions of this 
type. The exchange treatment may be 
done periodically by regenerating the 
complete contents of a solution tank or a 
portion may be treated daily to maintain 
a nearly constant concentration of dis- 
solved substances. 

Data on test runs indicate that a higher 
degree of purification can be obtained by 
treating less solution per cycle. A con- 
venient check on resin exhaustion may be 
obtained by pH tests. When the pH of 
the effluent and influent are the same the 
resin capacity is exhausted. In test run 
operation there was a loss of about 4 per 
cent of the chromic acid in the resin rinse 
water. 

Approximate material costs for the 
operation of an ion exeange column for 
chromic acid solution regeneration, based 
on treatment of spent anodic solution used 
in 100 test runs and an installation to treat 
250 gal. per cycle, are approximately as 
follows: 


Cost per cycle: 


Cost of resin based on 100 cycles = = $2.68 

330 Ib. 66° Bé sulfuric acid 
@ $0.02/lb. = 6.60 
350 Ib. limestone @ $3.50/ton = 0.61 
Total $9.89 


The value of the chromic acid recovered 
by such treatment would be about $30.10 
per cycle. Probably, the useful life of the 
resin would be more than 100 cycles, thus 
decreasing the resin cost per cyele. The 
regenerant acid efficiency can be increased 
by recycling the last portion of the acid 
from the preceding cycle before using fresh 
acid. By re-use of acid the concentration 
of dissolved metals in the acid may be in- 
creased to a point where metal recovery 
may be practicable. 

D. Hangy 


Modern Methods in the Agricultural 
Utilization of Sewage. By Jan Wienrz- 
Bick!. Gaz, Woda i Tech. Sanit. 
(Polish), 23, 298 (Sept., 1949). 

More than 20 municipalities and many 
separate industrial establishments (starch 
plants, yeast plants, etc.) treat sewage on 
irrigation fields. 
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The oldest and simplest method is that 
of utilizing natural sloping terrain as ir- 
fields. Slopes of at least 2 
cent be available. Loading rates 
are 10 to 20 hectares (25 to 
1,000 population. This 


only in exceptional cases because of the 


rigation per 
shoul 
50 acres) per 
method is used 
large outlay of funds required 

To facilitate watering, fields are gener- 
ally divided into parcels by means of em- 
bankments and dikes Areas that are 
ditched and diked make the use of mech- 
anical devices for harvesting and process- 
Because of the large areal 
much land 
municipalities must he acquired. 


ing difficult 
requirements surrounding 
Methods of watering include discharge 
from flexible pipes, spraying, and discharge 
from perforated pipes. In direct discharge 
from pipes, fairly uniform distribution may 
be accomplished through the use of flexible 
moved as necessary. 
known in 
irrigation,” 


which may be 
method of 
“wild 


hoses, 
This 


Germany as 


irrigation, 
requires 
constant attendance and can be operated 
only during the day; the night flow is re- 
tained in equalizing tanks for discharge 
the following day 

tain-like 
possible the spraying of large areas. 
icultural 
of this method. 
ing is reported to be independent of the 


terrain, does not interfere with the mech- 


made 


spray devices have 


cellent agr yields have been ob- 


tained by the use Spray- 


nical processing of the land, requires little 
sewage for its operation, permits the spray- 
ing of large areas, requires little attention, 
and 
polluted 


sedimentation 


illows small spray doses. However, 


waters must be pretreated by 


From single position 
of the spray it is possible to irrigate from 
0.25 to 1 The 
smallest dosage considered satisfactory is 
20 mm. (21,400 gal. per and for 
Dosages up to 60 
mm. have utilized. The dose rate 
amounts to 0.1 to and is 
dependent on the nature of the crop and 


hectare (0.6 to 2 5 acres). 
acre 
sands around 50 mm 
been 
0.5 mm. per min 
The author suggests that 
under the 


the type of sol 
this 


control of cooper 


method of treatment be 


itives 


In the use of manifold or perforated 
pipe for distributing the irrigation water 
openings are placed at 0.5-m. intervals 
The head required is 1 to 2 m., and the 
units have an output of about 3 hectares 
7.4 acres) per 8 hi 
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The objective of sewage irrigation is to 
area at the least 
Flexible pipe and perforated pipe systems 
require the least head for operation, but 


bor costs are high. 


treat the largest cost. 


Spraying systems 
require higher heads, but costs of operation 
are reduced. Filters are provided to 
handle flows that cannot be handled by 
the fields, if conditions require that no 
untreated These 
filters occupy an area of from 1.5 to 2 per 
cent of the total irrigation area, their 
operation is expensive, and they provide 


im 


wastes be discharged. 


no return. Fish ponds are suggested as a 
substitute for the filters, or forests may be 
utilized to take care of excess irrigation 
flows. 

Conrap P. Srravus 


Achievements of the Soviet Union in the 
Fields of Water Supply, Sewerage, and 
Sanitary Engineering. By STANISLAW 
Wosnarowrcz. Gaz, Woda Tech. 

(Polish), 23, 354 (Nov., 1949). 
This article propagandizes the attain- 

ments of the Soviet Union in the sanitary 


Sanit 


A description is given 
of the use of the well point method for de- 


engineering field 


of ditehdiggers in sewer 
and of bulldozers for back- 
The author claims he could cite 


watering areas 
excavation, 
filling 
additional developments, but details may 
be found in the Russian technical litera- 
ture, which he extols as “the richest in the 


world.” He the Polish fields 


of water supply and sewerage be “inocu- 


irges that 


lated” with Russian learning and technical 
advances and states that the Poles should 
endeavor to ‘imitate’? the Russians in 
these fields 
ConrAD P. STRAUB 

The Oder River and Its Tributaries in 

Upper Silesia. By W. Mroztnski, E. 

NIEDVIELOWA, AND A. Sopora. Gaz, 

Woda 1 Tech Sanit (Polish), Za. 360 

(Novy., 1949) 

Because the 
Polish river, 


possibilities as an 


Oder River has become a 
and because it holds great 
industrial source of 
well as a source of fish food, a 
study was made to assay its quality and 
that of its tributaries. The authors state 


that there is little difference in the chemi- 


water as 


al characteristics of the river 
and leaves the Province of 
Upper Silesia, namely: color 20 to 100 at 


al and biologic 


as it enters 
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the Czechoslavakian border to 20 to 25 as 
it leaves the province; organic matter (as 
indicated by the oxygen consumed test) 
7 to 76, as compared with 14.8 to 17.4 mg. 
per |.; total hardness 7° to 17° (German) as 
compared with 9° to 10°; chlorides 19 to 
449, as compared with 200 to 214 mg. per 
1.; D.O. 1.5 to 9.1, as compared with 7.7 to 
8.5 mg. per |.; sulfates 32 to 250, as com- 
pared with 96 to 124 mg. per |.; and total 
solids 225 to 1,500 as compared with 760 
to 885 mg. per |. A table is appended 
showing physical, chemical, bacteriologi- 
eal, and biological results for 25 sampling 
points located on the Oder River and its 
tributaries. 

The authors report the following con- 
clusions and recommendations. The Oder 
reaches Poland contaminated with indus- 
trial wastes, the obligation for which must 
be taken by the Czechoslavakian govern- 
ment, who should issue decrees for the 
control and elimination of the pollution. 
Polish tributaries of the Oder River receive 
substantial pollution in their upper 
reaches, but they are not the major pol- 
luters of the river. The industries of 
Upper Silesia cannot justify the continu- 
ous discharge of polluting substances to 
an already polluted source, and pollution 
should be discontinued as rapidly as possi- 
ble. This point of view is based not from 
the standpoint of any single industry, but 
on the basis of the greatest good to the 
area, as industry has been nationalized 
and upstream discharge of wastes contrib- 
utes greatly to the operation cost of down- 
stream industries. The cost of treating 
wastes at their sources is less than that of 
treating considerable volumes of water 
prior to use downstream or of obtaining 
a suitable separate source of water supply. 

Conrad P. STRAUB 


Sewage Farming at Ostrow Wielkopolski. 
By Jan Wierzpicxt. Gaz, Woda i 
Tech. Sanit. (Polish), 23, 387 (Dee., 
1949). 

At Ostrow Wielkopolski, disposal by 
sewage farming dates back to 1911 at 
fields located 2.5 miles from the city. The 
sewage flow amounts to approximately 
26.4 g.p.c.d. A portion (27 per cent) is 
reported to consist of storm, ground, and 
private well water, and waste water from 
the municipal gas works; the remainder is 
sewage from a separate sewer system. 
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The sewage (846,000 g.p.d.) flows to a 
pumping station, where it passes through 
a 13.1-ft. circular screen, and then is 
pumped at 52.5-ft. head to two 32.8 x 
32.8-ft. settling basins at the sewage farms. 
Originally, the effluent from the basins 
drained to the sewage farm through earth 
ditches, but because of maintenance 
difficulties they Were replaced with con- 
crete drainage channels. 

The sewage farm has an area of 105 
acres and is divided into 96 smaller parcels, 
each from 0.55 to 0.94 acreas in area. 
Most of the farm (SO acres) is meadow 
land or pasture. Sewage is applied to the 
parcels to a depth of 10 in. Each is 
watered at least 4 times, depending on the 
nature of the soil, the type of grass grown, 
and the weather. The average dose rate 
per year is reported at 6.6 ft. The fields 
are underlain with a drainage system at a 
depti of 4.0 to 4.6 ft., consisting of col- 
lectors (3-in. diameter) placed at intervals 
of 40 to 410 ft. (average 164 ft.), laterals 
2.5-in. diameter) at 26 to 30 feet, and an 
interceptor (4 in. diameter), which dis- 
charges into a nearby stream. Filter 
discharges, however, are very low and have 
not presented any nuisances. Sewage is 
applied to the fields from March through 
December. During the remaining inter- 
val the sewage, which has a temperature 
of 6° C., is discharged to arable lands (24 
acres), even when the latter are frozen. 

After digestion, the sludge, which is col- 
lected in the settling basins, is air-dried 
and sold to gardeners. Sewage applica- 
tion is discontinued just prior to and im- 
mediately after harvest. Because of the 
increased water used in transpiration by 
vegetation during summer months, the 
sewage flow is insufficient and is supple- 
mented with water from a near-by stream. 
After several years of use the fields are 
plowed and reseeded with grass. If 
seeding takes place in the autumn, rye is 
added to the grass seed; if in the spring, 
oat seed is added. A mixture of grass 
seed containing English timothy is added 
at the rate of about 27 lb. per acre. There 
are 4 to 5 harvests, 3 or 4 of which are 
gathered for hay and the last for “green.” 
The latter is fermented in silos. During 
the 37 years of operation (1912 to 1949) no 
cases of disease in animals have been noted 
as a result of feeding this hay. However, 
it must be emphasized that there are no 
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tannery wastes in the sewage, which elim- 
inates the possibility of contaminating the 
fields with anthrax. 

The sewage farm parcels are leased to 
local farmers for periods of from 3 to 6 yr. 
Lease rentals amount to 80,000 to 120,000 
zloty per year per hectare. 

In conclusion, the author states that the 
farms are well managed, give a definite 
return to the city, and benefit the local 
farmers by providing them with excellent 
hay. 

Conrap P. Srraus 


Research on the Disposal of Radioactive 
Wastes. By 0. R. PLracak anp R. J. 
MortTON Jour., AWWA, 42, 2, 135 
(Feb,, 1950). 

After discussing the magnitude and 
nature of radioactive waste elements from 
uranium reactors, the radiation exposure 
from cosmic rays, natural radioactivity of 
U. S. waters and other sources, and the 
permissible concentration of radioisotopes 
in water, the authors summarize the scope 
of the many research studies on liquid 
waste disposal being undertaken under the 
sponsorship of the Atomic Energy Com- 
mission. 

The Oak Ridge National Laboratory 
studies on the development of methods for 
the control of the waste material at the 
source is the responsibility of the Tech- 
nical Division, whereas the Health Physics 
Division is responsible for those liquid 
wastes which must be discarded or escape 
after treatment within the plant. The 
survey and process decontamination stud- 
dies by the latter division have been clas- 
sified into twelve including 
methods of analysis, water decontamina- 
tion, treatment, and monitoring 
the biological life in White Oak Creek and 
the Clinch River 


categories, 


sewage 


L. R. Serrer 


Radioactive Waste Disposal—How Will 
It Affect Man’s Economy? By Ken- 
NETH G. Scorr. Nucleonics, 6, 1, 18 
(Jan., 1950). 

Considering the general level of radio- 
activity from Operations Baker at Bikini, 


isotopes discharged in public sewers by 
institutions for 


scientific purposes or 
human therapy, and theoretical computa- 
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tions, the author appraises the safe dis- 
posal of radioactive wastes. 

Four maps covering an 8-day period of 
observation at Bikini lagoon show the 
relative rate of dispersion and decay. 

Theoretical considerations are based on 
the assumption that I discharged into 
public sewers is precipitated or otherwise 
accumulated in the sludge of a primary 
tank, and when vacuum filtered might 
result in greater than permissible levels of 
external radiation exposure. Although 
the considerations are thought provoking, 
a more critical investigation of the be- 
havior and detention of I" as it passes 
through public and treatment 
plants may warrant less stringent regula- 
tions than are suggested. 

The author has calculated that the dis- 
posal of over 10 curies of long-lived 
isotopes in the sea would raise the radi- 
ation level 10 per cent. 

The possible biological accumulation of 
radioisotopes is considered as a factor of 
considerable importance. In summary, 
the storage of radioisotopes in land or in 
the sea for the effective half-life of the 
material is suggested as the only safe 
method of disposal. 


sewers 


L. R. Serrer 


The Flow in Pipes of Liquids, Gases and 
Vapors—-The Laws of Flow and the 
Measurement of Discharge. By AL- 
BERT ScuiaG. 2nd Edition. Paris, 
Dunod, 254 pp. (1949). 

This book contains 3 chapters. The 
first discusses flow problems in general, 
including viscosity, laminar and turbulent 
flow, velocity distribution, and similarity. 
The second discusses the resistance to flow, 
giving many formulas for the loss of head 
in pipes. The third chapter describes the 
methods for the measurement of flows of 
incompressible and compressible fluids. 
All chapters contain explanations of the 
theoretical basis of the formulas, and data 
are given in metric units not only for the 
flow of water, but also for many other 
liquids and gases in all kinds of tubings. 
The data are useful, therefore, not only 
for hydraulic engineers, but also for those 
in many industries. A bibliography of 
221 titles is included. 

M. SuTER 
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Treatment of Effiuent Liquors from Gas 
Works. By James J. Priestiey. Gas 
World (London), 131, 408 (Apr. 15, 
1950). 

Current British practice is suramarized, 
and useful information is given on the 
formation and characteristics of the princi- 
pal constituents of gas liquor. The 
problem of disposal should be approached 
both by reducing the volume and strength 
of the liquor by changes in manufacturing 
practice, and by providing the degree of 
treatment required by the circumstances. 

Aramonia is formed during carboniza- 
tion and is the largest constituent of gas 
liquor. It is removed from the gas by 
water washing and may form free or 
fixed salts. It has no oxygen consumed 
value or B.O.D., but is very undesirable 
in sewage treatment. Fixed ammonia is 
usually smaller in quantity and is not 
toxic. It is oxidized in the same way as 
free ammonia. 

Sulfides are formed during carbonization 
and are absorbed by wash water. The 
O.C. value (digestion with N/80_ per- 
manganate at 26.7° C. for 4 hr.) is 13,450 
p.p.m. per gram of H.S8 per 100 ml. They 
are easily oxidized in bacterial beds, but 
the maximum tolerable concentration is 
smaller than for phenol and thiocyanate. 

Thiocyanate, formed following carbon- 
ization by interaction of sulfide and hydro- 
cyanic acid with oxygen, has an O.C. 
value of 8,270 p.p.m. per gram CNS per 
100 ml. and resists oxidation until a special 
bacterial strain develops. Unless the 
total amount is kept reasonably constant, 
oxidation ceases. Ammonia is a primary 
product of the bacterial oxidation and 
must in turn be oxidized. 

Thiosulfate, formed following carbon- 
ization by oxidation of sulfides, has an 
O.C. value of 8,560 p.p.m. per gram 
$8.0, per 100 ml. Bacterial oxidation 
proceeds at about the same rate as for 
sulfides. 

Phenol and cresols, formed during 
carbonization, have an O.C. value of 
17,800 p.p.m. per gram C,H,OH per 100 
ml. Monohydrie phenols are oxidized as 
readily as sulfides and thiosulfates. 

Little is known about the higher tar 
acids. Extremely difficult to oxidize bio- 
chemically, they cause highly colored 
effluents. 

Significant reduction in the volume of 


REVIEWS AND ABSTRACTS 973 


liquor can be effected by holding water 
added to the system to a minimum and by 
using stripped liquor in the final ammonia 
washers. One plant reduces liquor volume 
by recycling retort liquor until the am- 
monium chloride concentration reaches 
14 to 18 per cent. The liquor is period- 
ically withdrawn and evaporated to re- 
cover a marketable grade of crude salt. 
The amount of higher tar acids can be re- 
duced by holding the contact time between 
tar and liquor to a minimum. Formation 
of thiocyanate and thiosulfate can be 
minimized by preventing the ingress of air 
at any point preceding the final purifiers. 
These steps, usually easy to take, will 
contribute materially to a reduction of the 
liquor disposal problem. 

Treatment of effluent liquor is generally 
undertaken either to recover a saleable 
by-product, such as ammonia liquor, or to 
avoid heavy payments to sewage treat- 
ment authorities. Free ammonia is easily 
recovered by distillation. Recovery of 
fixed ammonia by decomposition with lime 
is a practice that has declined in recent 
years, but this salt is not particularly 
troublesome in sewage purification. Sul- 
fide may be removed during distillation 
and vented to the crude gas main or to 
oxide boxes. There are no practical 
methods for recovering thiocyanate or 
thiosulfate because of their low concentra- 
tion and uncertain market. Monohydric 
phenols are easy to recover by a number of 
commercial processes and their market 
value is usually adequate to pay for their 
recovery. Their removal reduces the 
O.C. value of the liquor, which is impor- 
tant where sewage authorities assess the 
liquor on an O.C. basis. 

It is doubtful if any gas works has com- 
pletely disposed of its effluent, because of 
the cost and difficulty involved. It is 
usually easier to improve the liquor to the 
economic limit and then discharge it to a 
sewage plant. A large-scale study was 
made at Coventry, where 40,000 gal. of 
spent liquor was purified per day on four 
trickling filters 120 ft. in diameter. The 
beds were first activated with dilute 
sewage, and the liquor was then added in 
a smali stream that was gradually in- 
creased until the filters were operating on 
liquor alone. The filter effluent had to 
be recycled at a rate 23 times the feed rate. 
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The project was discontinued because of 
high capital and operating costs. 

located where their 
load 
The sewage 
accept the 


Pome GAS WOrKs are 


effluents impose a disproportionate 


plants, 


on sewage 


authorities cannot refuse to 


liquor, but they may charge enough to 
r cal 1 and operating outlay; such 
y be extremely heavy At one 
distilled and 


verted to ammonium sulfate; phenol was 


charges mi 


pliant amim was con- 


recovered in a 


ammonium ehic 


vapor recirculation system; 


ride was recovered from 


and 
was diluted with water 


the stripped liquor by evaporation; 
mother liquor 
ised for coke quenching. <A plant is 
h the crude liquor will 
»y scrubbing with benzol; 
» recovered by distillation 


still bottoms will be 
tenth their 


ammonia wil 
evaporated to one- 
volume in a quadruple effect 
third effect 


with 


from the 


evaporator; liquor 


cooled and washed 


acetate to 


will be butyl 


remove higher tar acids and 
returned to the evaporator for recovery of 
chloride; 


iporator 


ammonium condensed vapors 
will be treated with 
resultant fluid 
feed-water De 


is used instead of fresh 


from the ev 
ictivated carbon, and the 
an 


can be boiler 


phenolated liquot 


water to condense ammonia from. the 
stripping still 
Ricuarp D. Hoak 

Their Effect on 
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Synthetic Detergents: 
Sewage Plants. 


Council has been 
increasing use of synthetic 
prove a menace to the 

These SOup 


affect the Bradford plant 


city s finances. 


than most 
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it was designed to use 
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ment is ineffective 
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filters have 
turned septic after dosing with a solution 
of detergent for six months If the acid- 
cracking system had to be changed, it 


would involve a huge expenditure because 
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of increased sludge bulk; equally important 
would be the decrease in revenue from the 
sale of recovered grease. 

Editorial comment in the same journal 
stated that a major concern about adding 
chemicals, even in trace amounts, to 
sewage was the possibility of their destroy- 
bacteria. Investigations 
that the alkyl sulfates are 
less innocuous to the principal 


ing anaerobic 
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more ol! 
digesting bacteria, even in substantially 
meentrations than have been re- 
Although none of the 
synthetics shows promise of being a com- 


larger 


( orded in sewage 


plete substitute for soap, no diminution in 
their use is likely even if the world need to 
reserve fats for food rather than soap were 
considerably reduced 
Ricuarp’ D. Hoak 
The Clearing of Turbid Waters by Means 
of the Ciliate Carchesium: A Demon- 
stration. By Brenpa SuGpDEN AND 
L. L. Luoyp. Water and Sanit. Eng. 
(Brit.) 1, 1, 22 (1950). 
Trickling filter protozoan such as Carch- 
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with Carchesium polypinum, which 


] | 
is COLONIAL 


waters mechanism is con- 


feeding and 


The experimental 
done 
form very prevalent in filters 
and humus tanks. The structure of the 
organism enables it to strain and injest 
minute particles (about 6u), which form 
dense masses bound together with mucus. 
If the particles are nutritious they are 
digested Undigestible 
ejected, but 
These ejected 
with their original dis- 
now relatively large and 
and settle readily. Thus, 
JI is a miniature filter. The authors 
of 30 ml. of 
India ink suspension by 5 


and then ejected, 


also 


after a 
particles 


particles are 
shorter period 

contrast 
state. 


are, in 
IM rsed 


VY masses 


le to obtain clarification 
cent 
eoionized stalk of this organism in 
2 hr They 


: about aeration of 
the liquid by 


also bring 
their strong ciliary move- 
ments 


H. H&uKELEKIAN 


Fal 
| 

= 

i 

; 

| 

wily 

; 
substitutes 
more seri 
works, be 
sulfurte a 
thetic cde | 
avail 
4 


SEWAGE AND INDUSTRIAL WASTES 23 


F James Whitcomb Riley could come back 
to his boyhood home at Greenfield, In- 
diana, today, he would find the beloved 
Old Swimmin’ Hole once more what it used 
to be. Safeguarding Greenfield is a mod- 
ern sewage treatment plant which includes 
the 128’ dia. P.F.T. Rotary distributor 
shown above. H. T. Miller was the con- 


sulting engineer. 


P.F.T. Rotary Distributors assure effective 
dosing of sewage to the filter media. Dis- 
tribution is uniform with no dead zones 
and affording thorough percolation. De- 
signed for all-weather, trouble-free service 
with minimum of maintenance. Literally 
thousands of P.F.T. units are in use—coast 


to coast. 


4241 RAVENSWOOD AVENUE 
MEW YORK @ LOS ANGELES @ SAN @ CHARLOTIL @ @ TOROMIO 


The Old Swimmin ttole 
G what it used to be! 


NEW PFT 


SPREADER JET 
For rotary distributors 


Has readily removable orifice 
and deflector. Opening is de- 
signed to eliminate clogging. 


OTHER PFT EQUIPMENT 
Includes: Floating Covers, Gas Safety 


Equipment, Digester Heaters and Heet 
Exchangers, Sprinkling Filter Nozzles, 
Dosing Equipment, Siphons, Pre-Aera- 
tors, and Gages. 


CHICAGO 13, ILLINOIS 
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Painted fer U. 8. Pipe & Foundry Co. by Dean Cornwell 


7 
Y OU have heard it said that “‘cast iron pipe 


is cast iron pipe’’—a pipe that gives depend- : 
able, long-lived, low-cost service — no 
matter who makes it. And that is basi- * * 


cally atruestatement. Why then do we 


have customers who have regularly cast iron 


purchased from us for over 50 years? 


One reason is that we have pioneered 
developments that have resulted in 
process and product improve- 
ments over the years, just as to- 
day, through research and 
development, we strive still further to improve 
our product. Another reason is that we have been able 
to give our customers the type of service needed to 
meet their particular requirements. United States Pipe 
and Foundry Co., General Offices: Burlington, New 
Jersey. Plants and Sales Offices throughout U.S.A. 
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AE 
RIT CONVEYOR WASHER. 
ELEVATOR SCREENS 


«DECATUR, ILLINOIS 
INSTALLATION 


Decatur, Wl. installation . Grit Elev ators . . Grit Washers . . Grit Collectors. 
Capacity -— 150 cu. ft. per ‘bour of washed grit. Consulting engineers — Greely 
and Hanson, Chicago. Superintendent — Dr. W. D. Hatfield, Decatur. 


CONSIDER THESE ADVANTAGES... 


¢ Eliminates all tendency for flights to “bog down” .. . does not bring to one 
end more grit than is being washed and elevated. 


© Eliminates necessity of partial grit return for grit washing purposes. 


© Elevator is separate, independently-operating mechanism, with greater 
capacity than the collector. 


© Drag mechanism is kept free ... never overloaded. 


@ Transfer of grit from one mechanism to the other effectively washes under 
all flow conditions. 


Write for Bulletin 19835 


WALKER PROCESS EQUIPMENT INC. 
CTORY ENGINEERING OFFICES *MABORATORIES 
or 518 HANKES AVENUE, AURORA, ILLINOIS 
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Keduced Treatment Costs 


er LOAD at the disposal plant—and, 


therefore, a reduction in sewage treat- 


ment costs—is one of the practical advan- 
tages that often result from the use of 


Transite* Sewer Pipe. 
These are two good reasons for this: 


(1) Transite’s special sleeve-type joints that 
cut sewer line infiltration to a minimum. 


(2) Transite’s long 13-foot lengths that re- 
duce the number of joints in the line—an 
additional safeguard against infiltration. 


Besides the immediate saving in treatment 
reduction in load enables 
plant capacity to be conserved for future 
needs. And, where new treatment facilities are 


costs, this also 


planned, it permits consideration of a smaller 
plant... with possible important economies 
in disposal equipment. 


eee Johns-Manville 


Other Transite Economies . .. Transite has 
an exceptionally smooth interior that reduces 
resistance to flow. This, combined with its 
long lengths that help maintain uniform 
grades, plus fewer joints that reduce turbu- 
lence, often permits designing the system with 
flatter grades and shallower trenches. Or, as 
an alternate economy, pipe of smaller diam- 
eter may be specified. 


Transite Sewer Pipe is made of asbestos, 
cement and silica by a special method of 
manufacture which develops high, uniform 
strength and resistance to corrosion, It is 
available in four strength classes in sizes to 
36". This permits selection of the pipe best 
suited to trench conditions, frequently elimi- 
nates the need for concrete cradles. 


For further details, write Johns- 
Manville, Box 290, New York 16, 
N. Y. 


*Transite is a Johns-Manville registered trade mark 


TRAVSITE SEWER ... 
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For trouble-free, low cost 


measurement of — 


SEWAGE 
INDUSTRIAL WASTES 
SLUDGE 
IRRIGATION WATER 


BAILEY 


OPEN CHANNEL METERS 
Offer These Advantages: 


\ 1, Easy to Install 

| 2. Retain Accuracy 

3. Self-Cleaning 

4. Adjustable Capacities 

5. Totalize Multiple Flows 

6. Chemical Feed Control 

7. Flow and Ratio Controls 
Ask for Bulletin 62 


BAILEY METER COMPANY 


1066 IVANHOE ROAD «+ CLEVELAND 10, OHIO 
METERS and CONTROLS for SEWAGE and WATER 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES + DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS + AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 
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industrial Waste is the Peck's Bad Boy in nearly 
every plant. . always in bad with the neighbors 
as well as State Pollution Control Commissions. 


Clarification of industrial waste need not be such 
a bad problem. Jeffrey has the facilities for proper 
and efficient waste treatment. . can help you keep 
the nation's waters clean. For meeting exacting 
specifications we can furnish Collector mechanisms 
for Grit Chambers and Settling Basins, Screens, 


Bor and Disc-type Screens 
Sludge Collectors 
Sludge Elevators 
Grit Washers and Collectors Scum Removers 


— 


Equipment for Biofiltration plants 
Transmission Machinery 


Boltimore 2 Chicage Detroit 13 Jocksonville 2 Pittsburgh 22 
Birminghem Cincinnet: 2 Herlen Miwavkee 2 $1. Lewis 
Boston 16 Cleveland 13 Houston 2 New York 7 Selt Loke City 9 
Buifole 2 Oenve: 2 Huntington 19 Philadelphia 3 Scranton 3 
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TREAT INDUSTRIAL WASTE RIGHT 


Ht Off... 


Jeffrey Clarification equipment for treating 
canning weoste is installed in this large Food- 
processing plant. Mere again Jeffrey-equipped 
means efficient operation. 


grease and oil Skimmers, Flocculation equipment, 
etc., backed by years of experience in designing 
and building the best in Sewage and Water treat- 
ment equipment. 


We will be glad to send you some of the names 
of outstanding plants in which Jeffrey equipment 
is doing a real job on the purification of sewage 
and concentrated organic wastes . . and paying off. 
May we hear from you? 


FLOCTROLS (controlled flocculation) Chemical Feeders 
Screenings Grinders 

Belt and Spiral Conveyors 
Chains and Sprockets 


Garbage Grinders 


MANUFACTURING COMPANY Established 1877 
902 North Fourth St., Columbus 16, Ohio 


Complete Line of 
| Materia} Handling, 
Processing ond 


Mining Equipment 


Jetlrey Mig Co. Ud. Heed Office & Works Mentreel 
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LAY PIPE...fused bine fire 
for EVERLASTING service | 


VirriFicaTion — the heat-bonding process it’s universally preferred for sewerage and 
that makes Clay Pipe tough, corrosion-proof, drainage installations. 

and everlasting — takes place at temperatures 

exceeding 2000° F. Under carefully controlled NATIONAL CLAY PIPE MANUFACTURERS, INC. 
firing, the minute particles of rock that have —-L105_-Huntington Bank Bldg., Columbus 15, Ohio 
been formed into Clay through centuries of 703 Ninth and Hill Bidg., Los Angeles 15, Calif. 


100 N. LaSalle St., Rm. 2100, Chicago 2, UL 


nature's purification are fused permanently to- 206 Connally Bldg., Atlanta 3, Ga. 


gether. Vitrified Clay Pipe needs no coating 
to protect it from the corrosive action of 
pet ground waters, soils, or industrial S , EC I FY 
waste. It's chemically inert, completely safe 
from the acid attack that destroys so many 
materials. No other pipe offers all the necessary 
advantages of Vitrified Clay Pipe. That's why 


STANDARD- CHANNEL CLAY PIPE 
STRENGTH CLAY PIPE FITTINGS 
CLAY PIPE 
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DIRECTORY OF ENGINEERS 


(Continued to page 34) 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. P. O. Box 67 Crystal Lake, Illinois 


ALBRIGHT & FRIEL, INC. ALVORD, BURDICK & HOWSON 
FRANCIS 8S. FRIEL 
Censulting Engineers wngin 
WATER, SEWAGE AND INDUSTRIAL Charles B. Burdick Louis R. Howson 
WASTE PROBLEMS Donald H. Maxwell - 
ower Generation 
PHILADELPHIA 7 Civic Opera Building Chicago 
' MICHAEL BAKER, JR., Inc. BAXTER, NELSON & WOODMAN 
i Civil Engineers, Planners, and Surveyors Civil and Sanitary Engineers 
Muniapal Engineere—Airport Dengn—Sewage Draposal Water Supplies Water Treatment 
Systems—Water Works Dengn and Operation—Surveys Sewer Systems Sewage Treatment 
and Mape—Cuty Planning—Highway Dengn—Conatruc- 
tion Surveys — Pipe Line Surveys Industrial Waste Treatment 
Investigations 


— 


W. H. & L. D. BETZ Don’t be fourth... 


Consulting Engineers 


to send in your professional card for 


Industrial Waste listing in The DIRECTORY OF 
Industrial Water ENGINEERS. There are just three 
Analysis Design more available spaces remaining for 
Investigations Operation card listing among these outstanding 
1 
Gillingham & Worth Sts. Philadelphia 24, Pa. eae 


BLACK & VEATCH 


Consulting Engineers 
SewaGE - WATER ELEcTRIcITY - INDUSTRY 
Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


CLINTON L. BOGERT ASSOCIATES 
Consalting Engineers BOWE, ALBERTSON & ASSOCIATES 
Cuinton L. Boosat Ivan L. Bocert E 
J. M. M. Grate A. wnigineers 
M. Dirmass P. ACKERMAN Sewerage—Sewage Treatment 
Water Supply—Purification 
Water and Sewage Works Refuse Disposal— Analyses 
Refuse Disposal Industrial Wastes Municipal —Industrial Projects 
Drainage Flood Control Valuations—Reports— Designs 


624 Madison Ave, New York 22, N. Y. 110 William Street New York 7, N. Y. 


Take advantage of the services of these outstanding consultants! 
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BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 


in Sewerage and 
Sap pply and Water Puri 
aluations and Reports 
Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Water supply. treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 
584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


CAMP, DRESSER and McKEE 
Ceoneulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

lnvestigations and Reports 
Design and Supervision 
Research and Development 


Kansas City, Mo. Cleveland, Ohio Control 
P.O. Box 7088 1404 E. 9h Se. 6 Beacon St. Boston 8, Mass. 
CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification, Sewerage 
Systems, Sewage and Industrial Waste 
Treatment, Power Development and Ap- 
plications, Investigations and Reporte, 
Valuations and Rates 


210 E. Park Way at Sandusky, 
Pittsburgh 12, Pa. 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. Chicago 11, IIL. 


OSCAR CORSON 
Consulting Engineer 


Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 


902 Highland Avenue Ambler, Pa. 


Damon & Foster 


Consulting Civil Engineers and 
Surveyors 


Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 

Philadelphia: Fidelity Phila. Trust Bldg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Rallroads Highways 
Grade Separations—-Bridges—Subways 
Transportation 
Investigations —- Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 
505 Colorade Bidg. Washington 5 


FAY, SPOFFORD & THORNDIEE 


ENGINEERS 
M. Sporroxp W. Horns 
JOHN AYER Wittiam L. HrLtanp 


Bion A. Bowman Frank L. 
A. Faawett Howargp J. WiLtiams 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment—Airports 
Investigations and Reports Designs 
Supervision of Construction Valuations 
New York 


It pays to secure competent and experienced engineering advice! 


- 
4 
| 
AM" 
ra 
: 
= 
Pas 
2 
4 
A 
: 
| 
j 
| 


SEWAGE AND INDUSTRIAL WASTES 


GANNETT FLEMING CORDDRY 
EDWARD A. FULTON & CARPENTER, INC. 

Censualting Engineers ENGINEERS 
Investigations, Reports, Valuations, De- Water Works—Sewage : 
sign and Construction— Water Supply ana Industria! Waste & Garbage Disposal e 
Purification Plants; Sewerage and Roads—Airports—Bridges & 
age Treatment Works; Muntetpal bavi Flood Control 
and Power Developments; "as « Town Planning Appraisals 
Flood Control Investigations & Reports , 

Harrisburg, Pa. New York, N. Y. 
3209 Browse Read Saint Louie 14, Missoeri Scranton, Pa. Pitteburgh, Pa. 


SSOCIATES, 
iv A N M. G LA c 


Water Supply and Purification Consulting Sanitary Engineer 

Sewage and Industrial Waste Treatment = 

Chemical Laboratory Service Industrial Wastes Disposal 
Investigations and Reports Design, Construction, and Supervision of 

N York Washineto Operation 
ew ashington 
Houston BEADING, PA.  phtiadeiphia N. Front & Boas Sts. Harrisburg, Penna. | 


WILLIAM A. GOFF, INC. 


General Engineering and Consulting Services 


ONLY $60 PER YEAR If. 
is the cost of a professional listing 


in this space. A card here will iden- 
tify your firm with the specialized 
orts, Town Plannin 
vid & sewage works field and will afford 
Plans, Supervision, Valuations, Reports 
maximum prestige! 


Water, Sewerage, Refuse Incineration 


Broad Station Bidg., Philadeiphia 3, Pa 


GREELEY & HANSEN HAVENS AND EMERSON 
Engineers Consulting Engineers 
Samuel A. Greeley Paul Hansen (1920-1944) 

Paul E. Langdon Kenneth V Hill W. L. Havens C. A. Emerson 
Thomas M. Niles Samuel M. Clarke A. A. Burger F.C. Tolles F. W. Jones 
Water Supply, Water Purification Water, Sewage. Garbage, Industrial 
eer Sewage Treatment Wastes, Valuations.—-Laboratories 
Flood Control, Drainage. Kefuse Disposal Lender Bide. Woolworth Bldg. 

220 8. State Street, Chicago 4 Cleveland 14 New York 7 


HAYDEN, HARDING & BUCHANAN CHARLES 


HAYDOCK 
Consulting Engineers 
Oscan J. Camrta 
Water Works—Sewerage Design, Construction, Operation and 
Civil— Mechanica! Management 
Electrical—Structural Reports and Valuations 
826 Park Square Building, Boston, Mass. 231+ Girard Trust Co. Bidg., Phila. 2, Pa. 


C.W. Durham H.H.Henningson W. A. Richardson HITCHCOCK & ESTABROOK, INC. 
HENNINGSON ENGINEERING CO. Lestex D. Les, Assoctats 


Consulting Engineers since 1917 for more than Consultants to Municipalities since 1920 
600 citees and towns WATER. SEWERAGE. PAVING POWER 


Water Works, Light and Power, Sewers, Sewage PLANTS, AIRPORTS, PUBLIC BUILDINGS, 
Treatment, Reports, Flood Control, Appraisals SURVEYS and APPRAISALS 

dre 

Drainage 241 Sheridan Road 521 Sexton Building 
Standard Oil Bidg. Omaha 2, Nebraska Menominee, Michigan Minneapolis 15, Minnesota 


Take advantage of the services of these outstanding consultants! 
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HORNER & SHIFRIN 
Consalting Engineers 
W. W. S. W. Jena 
H. E. E. Bioss 
Vv. Cc. Liscner 
Airports — Hydraulic Engineering — 
tng and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 


Shell Ballding, St. Louls 3, Missouri 


INDUSTRIAL WASTES CONSULTANTS 
(A Guggenheim Subsidiary) 
INVESTIGATIONS AND REPORTS-— 

Offices and Laboratories 
2266 No. Menipian, 8, 
120 Broaowar, New Yours 5, New Youn 


Russell B. Moore - A. F. Neilson- Robert Theroux 
(Memberships in ASCE, AWWA, AIMME, CSSWA, ACS) 


JONES, HENRY & SCHOONMAKER 
(Formerly Jones & Henry) 


Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 
Consulting Engineers 
Formerly Solomon & Keis 


Since 1906 
Water Supply and Purification, Se and 
Sewage Treatment Garbage and use 
Disposal and Incineration, Industria) 
Buildings. 
TROY, WN. Y. FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial aste Disporal 
Chemical and Biological Laboratory 


604 MISSION 8T., SAN FRANCISCO 5 


MORRIS KNOWLES, Ine. 
Engineers 
Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bidg. Pittebargh 22, Pa. 


Wm. S. Lozier Co. 
Coot 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatinent 
Industrial Waste Treatment 


WORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airfields 
Statler Bullding 111 Sutter St. 
Boston 16 San Francisco 4 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
52 Vanderbilt Ave., New York, N. Y. 


Parsons, Brinckerhoff, Hall & Macdonald 
G. Gale Dixon, Associate 


Dixon, 


Subways, Foundati Harbor Works, Valuations 
Power Developments Industrial Buildings 


51 BROADWAY, NEW YORK 6, N.Y. 


BOYD E. PHELPS, INC. 
Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND 


INDUSTRIAL WASTES 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 
Pranrs Eanser W. Warrioce 


Rosest W. Sawrer G. G. Weunen, Ja 
Rucmarp Haten 


Investigations. Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Hates 


25 W. 43rd St. New York 18, N. Y. 


y 
LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal, Industrial Wastes; Investigations 
: Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


1 Lee Place Paterson, 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


RIPPLE AND HOWE 
Consulting Engineers 
O. J. B. V. Hows 
Appraisals— Reports 
Design—Su ision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, pf and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports. 
426 Cooper Bidg. Denver 2, Colorado 


RUSSELL and AXON 
Consulting Engineers 
Geo. 8. Russell 
Joe Williameon, Jr. F. EK. Wenger 
Sewerage, Sewage Disposal, Water Sup 
ply. Water Purification, Power Plants, 
Appraisals, Rate Investigations, Reports, 
Plans, Specifications 
495 Olive St. 

St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SMITH and GILLESPIE 
Consulting Engineers 


All types of 
Municipal Public Works & 
Utilities 
Complete Services 


P. ©. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage Waterworks 
Drainage——Flood Control 
Blectric Power—-Alrports 


Hershey Bullding 
Muscatine, Ia. 


Your firm should be 
listed here 
the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Mechanical Structural 


Surveys Reporta Appraisals 
High &t. Columbus 15, 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply, Water Purification, 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

boratory 
14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In 

dustrial Development Problems, Water Supply 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 3! 
How to eliminate heavy scum load — 
CONVERT TO 


PROCESS OXIDATOR 


Treatment Plant. (Note absence of scum.) Engineering office of Clyde C. Kennedy {Consulting Engineer. 


NOTHER example of the Process Oxida- 

tor’s superiority was graphically illustrated 
at the North Stockton Sewage Plant. The 
sewage there contained a high concentration 
of cannery wastes, and the scum load was 
such as to create a nuisance. The conven- 
tional 90 ft. clarifier was economically con- 
verted to an Oxidator with the following re- 
sults: 

Removal of suspended solids increased 

from 55°% to 78%. 

‘ ‘re; > 
removal increased trom 25°% to 
5%. 


Heavy scum load eliminated INVESTIGATE THE PROCESS OXIDATOR 
Proof that this revolutionary one tank com- 
bination aeration, coagulation and sedimenta- Installation will result not only in 
tion process causes fats, grease, oils, etc., to 
coagulate and settle to the bottom rather than 
float as in the case of conventional settling 
tanks. 


minimum scum handling, higher re- 
moval of suspended solids and greater 
reduction in bio-chemical oxygen de- 
mand but also in improved clarifica- 
tion, increased grease removal and 
Whether you are interested in converting or plenning « new 
installation, Process Oxidators are engineered to fit your elimination of odors by maintaining 


needs. Write to either address below and one of our Se . . Py 
specialized Engineers will be glad to assist you with your sewage in fre sh condition . Pe plus 


particular probiem. lower capital cost and upkeep. The 
For complete, general information write today for new Oxidator is also suited to processes 
Bulletin 106. 


involving chemical reactions. 


62) MARKET STREET 638) HOLLYWOOD BLVD 
SAN FRANCISCO 3, CALIF LOS ANGELES 2@ CALIF 
EASTERN AND MIDDLE WESTERN REPRESENTATIVE 
PACIFIC FLUSH-TANK COMPANY + 4241 RAVENSWOOD AVE, CHICAGO 13, hk 


INCORPORATED 


7, 
ke 
if 
} 90 Ft. conventional clarifier converted to Process Oxidator, City of Stockton, California, North Sewage i 1m 
i 
| 
| 
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PROOF 
“STERELATOR EFFICIENCY” 


NO 
JOB 
T00 

LARGE 


Actual Users THE BEST PROOF OF ALL-— 
Prove our claims that Everson SterElators are 
DEPEN DABLE—SAFE— EFFICIENT 
Easy to operate at LOW MAINTENANCE COST 
Everson SterElators METEK-MIX-FEED 
Chiorine gas accurately for all Water 
or Sewage Stertlising demands 
Furnished for Manual or Automatic operation 
Everson SterElators utilize a high Vacuum 
The tndleating FLOW METERS have a 10 to | ratio 


EVERSOR MANUFACTURING CORPORATION 
207 West Huron Street. Chicago 10, illinois 


THE 
MAGNETITE FILTER 


with successful operating 
records, extending back 
as much as 18 years, is 
again available for im- 
proving the effluent or 
increasing the capacity of 
treatment plants for sew- 


age and trade wastes. 


MAGNETITE 
FILTER CORPORATION 
10 EAST 40TH STREET 
NEW YORK 16, N. Y. 


P.O. Box 767 


Sewer Rods, Wood & Steel 
Sewer Machines, Engine Driven & Hand Operated 
Steel Tapes, Flushers, Nozzles & Brushes 


SEWER AND PIPE CLEANING EQUIPMENT 


Root Cutters, Buckets 


Send for complete catalog 


W. H. STEWART, INC. 


Syracuse, N. Y. 


when you consider CATHODIC PROTECTION 
look to E.R.P.’s facilities 


- - top-notch research engineers and development facilities 


- a skilled engineering and design staff 


- - trained field engineers for special surveys 
- - » first line equipment—Dow, Alcoa, Federal. Westinghouse. GE and others 


- specialized service and installation crews conveniently located to give prompt 


service 


At E.R.P., your corrosion problems get the individual attention necessary for successful 
solution. There's no obligation. Write today 


E9 ELECTRO RUST-PROOFING CORP.,(N. J.) 


BELLEVILLE 9 NEW JERSEY » REPRESENTED IN PRINCIPAL CITIES 
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SEWAGE AND INDUSTRIAL WASTES 37 
SNOW GATES 
: for 
All types of cast iron gates manufactured in either 
square or circular openings in sizes up to and in- 
cluding 72 inches. 
ALL SNOW GATES and Lifts are “Parkerized” 
for protection against rust and corrosion. 
Over 40 years continuous service to the industry. 
We will be pleased to quote on any type of water 
controlling equipment. 
2437 East 24th Street Los Angeles 54, Calif. 
use vitrified clay 
> filter bottom blocks 
** Weare improving and modernizing 
the three sewage treatment plants at 
Sedalia, Mo.,"’ says Allan H. Wymore, 
{ Des. Engr., Burns & McDonnell En- 
i gineering Company. “At the south 
plant all structures will be new in- 
; cluding a trickling filter 100 feet in 
! diameter and 6 feet deep. At the | 
north plant there will be a new f 
trickling filter 75 feet in diameter and 
6 feet deep.” 
f Tne Burns & McDonnell Engineering Co., Kansas City, FILTER FLOORS in Sedalia’s 
; Missouri, has for fifty-one years been engaged in consult- new trickling filters are built of 
ing services, nearly 2500 projects, including electric power, vitrified clay filter bottom blocks 
x water treatment and distribution, and sewers and sewage made by members of the 
treatment. These projects have been scattered through- Trickling Filter Floor Insti- 
out United States, Canada, Alaska and Mexico. tute. 
BOWERSTON SHALE CO., Bowerston, Ohio AYER-McCAREL-REAGAN CLAY CO., Brazil, Ind 


TEXAS VITRIFIED PIPE CO., Mineral Wells, Tex. ° NATIONAL FIREPROOFING CORP., Pittsburgh 12, Pa. 
W.S. DICKEY CLAY MFG. CO., Kansas City 6,Mo. @ POMONA TERRA-COTTA CO., Pomona, N. Car. 
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Dorr Company, The. 
Dresser Manufacturing 
Electro 
Valve Com 

Siaples Valve 
Irrigation 
Stewart, W. Bats 


Wallace & 

Yeomans Brothers. ¢ 


DIRECTORY OF RBNGINEERS, py. 30-24 


Al’eight & Frid}, Bagi Herding & Buchanan 
Alvord, Burdick Haydock, Cha:ies 
Horaer & Shifrin 
Industria! Waste Conmidtents 
& 


Bock, Seifert and Just 


Newbanmer, (iurke & 


Hip 


Glace, leas M. 

Creeley & Hansen 
Havens and 


PATRONIZE P| support makes poss 


lication When writing bit ure to SEWAGE 
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Chlorination for sewage is o sure-fire treatmiant, the mein 
who know best—the sevoge jslont tell you, 


For exemple, Mr. Ralph Hoot, Superintendent of Sewage: Tree 
runt at Fort Wayne, recently reported: “*"'We hove bien meat 
Hiankful for our chlorine control equipment, hes 
cline its job well.” 


Such comments from experienced superintendents ke Mr, Hoot 
are typical. Chiorinetien by Wallece & Tiernan has proven 
hy octuol use in thousunds of installations oll owe the county. 
it can help your sewege treatment, too at an. initial cost thot” 

averages only 1% of fotel plant investment. This original low 
cost coupled with the inore effective plont operttion thet 


ination makes possibly, results in buy thet dolarawine 
intendents car|t to overlook, 


Find out now about this modern aid to sewage 
fically engineered to your individual needs by Wiillece &: 
Tiernan. A call to your newrest Wallace & Tiernan 
ative will bring you fill details. 
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